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"The BETTER is the enemy of the GOOD. _

J.R.Thompson
Director, MSFC

INTRODUCTION

Life Cycle Costs (LCC) of contemporary American launch vehicle systems have been
significantly influenced by excessive operations costs. For instance, recent

studies have revealed operations costs for the Space Shuttle program are 73% of

the LCC. This situation has arisen from the normally accepted practice of
designing launch vehicles for maximum performance, i.e., propulsion systems
having maximum specific impulse and minimum weight (leading to maximum chamber
pressure, maximum turbo-pump performance, maximum thrust-to-weight ratio, use of

hlgh-performance hazardous commodities, etc.), with operations and
maintainability analyses performed outside the design process "after the fact"
This approach unwittingly sacrifices operational issues for ballistic

performance, and fails to emphasize criteria such as weight-to-orbit per year
per dollar.

As a result, after hardware is shipped to the launch site, the onus is on
operations personnel to "make it work". Fortunately, the launch site has been

quite successful in making it work, but the cost has been, and is, excessive;
unacceptably so for any large-scale future space activities.

This document is a recipe book for simplified ground operations that can result
from application of concepts that compromise ballistic performance for

"usability" and "reliable launch-on-schedule". It has been prepared for
presentation to the Advanced Launch System (ALS), Phase 2, vehicle contractor

program management and design elements during "roundtable workshops" sponsored
by USAF/SD and NASA/KSC. Those contractors are Boeing Aerospace (Seattle),
General Dynamics (San Diego), and Martin_Marietta (Denver).

Principal elements of this book take the form of "Simplified Launch Systems
Operational Criteria" (SLSOCs). The contents represent culmination of two-and-

one-half years work on the Shuttle Ground Operations Efficiencies/ Technologies
Study by BAO at Kennedy Space Center. During this study major ground processing
time and manpower "tent poles" have been identified, quantified where possible,
and documented in earlier reports.

CAUTION: These SLSOCs cannot usually be "picked apart" or effectively analyzed
for program-level trade studies as individual items. Data are not available at

the granularity necessary to assess each contributor to ground operations LCC.
It is the context of the entire SLSOC spectrum that can, as an integrated whole,
enable dramatic cost reductions demanded of the next generation launch vehicles.

For instance, elimination of ground power, multiple facility, repetitive,

integrated system-level testing, et al, cannot usually be costed as independent
entities. Many of the systems addressed are too pervasive throughout the
operation to be accurately examined for cost and time impact.

Goal of the study in general, and the workshops in particular, is to expose

creator/designers of the next generation heavy-llft launch vehicles to improved
visibility of ground processing dependence on basic vehicle configuration. The
prime message here is that vehicle systems quantity, complexity, and use of

hazardous systems/materials have a profound (frequently unsuspected) impact on
ground processing time, facilities, GSE, and manpower.

Quantified Space Shuttle KSC ground processing data are used as baseline

reference points for future design trade studies. The mode for presenting these
data is the SLSOC. Tent pole-related management and hardware systems, addressed

in these criteria, have been divided into six major criteria categories. Those



INTRODUCTION (Cont.)

categories represent the prime "chapters" of this document and are:

o Management and System Engineering
o Avionics and Software

o Power
o Structures and Materials

o Propulsion
o Facilities and Support Equipment

The SLSOC elements presented herein all have impact on ground processing

operations and are listed in Figure I. The criteria are presented and developed
in the body of this document with the following general format:

SLSOC FORMAT

o No: (number) and Title:

o Operations Requirement: A brief description of the desired element.

Rationale: Rationale for the desired change or variation from contemporary

systems with quantified evidential data, where possible, (as compared with
shuttle type operations) showing potential program enhancement in manpower
reduction, processing time reduction, or material cost reduction.

o Sample Concept: A sample of the desired elemental change fulfilling the
envlsioned simplification.

o Technology Requirement: Interpretation of
necessary to enable the concept.

existing or new technology

Technology References: The bulk of this document consists of more than 450
technology reference titles, sources, and abstracts. The references were
acquired by computerized research of either NASA/RECON or DIALOG. RECON data
were extracted using the XTKB (Extended Technology Knowledge Base), a Boeing

automation tool that sorts and lists "secondary keys" by primary topic.

DIALOG references were extracted from various data bases, e.g., NTIS, INSPEC,
etc., via Dialog Information Services, Inc., Palo Alto, California.

It is recognized that designers already have comprehensive reference files
for their specialties; nevertheless, they may find some additional useful

abstracts. For those interested in the technology, these references present
an overview of available documentation.

o Conclusions: A few criteria include quantified Shuttle comparison data and

potential developmental benefits, and are terminated with the appropriate
related conclusions.

The six major divisions (or chapters, as noted earlier) are informally
segregated in content to individual sections, each prefaced by a SLSOC, followed

by a collection of directly related technology reference abstracts . A sample
SLSOC is reproduced below, incidentally revealing some authentic "real world"

cost data, providing incentive for the drastic rethinking of launch vehicle
design and ground processing promoted by this study.

2
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EXAMPLE: SIMPLIFIED LAUNCH SYSTEM OPERATIONAL CRITERIA
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Z
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Operations Requirement:

Operations efficiency must be considered during concept development and

design.

Rationale:

Operations requirements have been disregarded in the past because

they are brought up too late in the design cycle to be implemented in
a cost-effective manner.

FOR EXAMPLE (FY-85 STS OPERATIONS COSTS FOR 8 FLIGHTS)

SRB $464.2M FLIGHT OPS $345.3M

ET 415.8M ORBITER HDWRE 162.6M

LAUNCH OPS 347.5M CREV EQUIP 36.3M

PROPELLANTS 30.3M SSME 51.6M

GSE 24.1M CONTRACT ADMIN 17.1M

SUBTOTAL $1894.8M

PLUS NETWORK SUPPORT

R&PM

FY-85 TOTAL COST

$ 20.4M
274.2M

$2i89.4M ($273.7M ea.for 8 flights)

Minimizing upfront costs multiplies Life CTcle Cost.

Sample Concept:

• Do

a truck - not a Ferrari.

• Prepare thorough and realistic life cycle cost analysis for Congress•

• Emphasize Life Cycle Cost - not start-up costs.

• Implement tools listed below.

Z
g
g
%
%

Z
g
Z

%
g
%
%
%

Z

Z

%
g
%
%

%
%
%

%
%

%
%
Z

%
Z
Z

not sacrifice operational efficiency for vehicle performance. Build %

Technology. Requirement:

No new technology required, only further development and implementation

of the proper concepts and tools:

DEMING MANAGEMENT AND QUALITY TECHNIQUE

ULCE (Unified Life Cycle Engineering)
DESIGN/BUILD TEAMS

MAINTAINABILITY

SUPPORTABILITY

DESIGN-TO-COST

MANDATORY MTBF/MTTR

Technolo_, References:

NASA RECON: (Abstracts attached) 86X75319, 86N28011, 86A42678, 86A42618,

86A21872, 86AI0929, 85A45150, 85N30966, 85A42678, 84X78919,

84N31062, 84N26962, 84N24495, 84N23330, 84A15212, 83A43748,

84A30608, 83A49578, 83A48334, 82A14787, 81Nl1907, 81A30295

%

%
%
%

%
Z

%
%
Z

%
%

%
%

g
%

Z
%
g

%
%
%

%
%

g
Z
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STS-31 MANPOWER DATA - A DESIGNERS REFERENCE

The following tabulation of STS-31 ground processing technician actual manhours

is extracted from the Pan Am "Shuttle II Data Base" to assist system designers

in understanding relative magnitude of systems impact on a contemporary American

launch site. BEWARE: Listed manhours do not tell the full story! Several

systems ,e.g., hydraulics, hypergols, and pyrotechnics, infiltrate overall

productivity in a subtle, pervasive, frequently unsuspected manner. The SLSOCs

in this document attempt to reveal the "invisible tentpoles".

The data are for orbiter Atlantis, launched November 26, 1985.

and skill-mix ratios represent normal response to be expected

American aerospace contractor to the complex and highly

requirements; e.g. system OMRSDs, safety, quality, etc., etc.

The workforce

of any major

comprehensive

TASK ORBITER TECH, MHs ET/SRB TECH, MHs

LANDING - DFRC 5,428

ORBITER PROCESSING -OPF 39,037

o Unscheduled maint. 2,488

Scheduled maint. (34,311)

. O0 Cargo reconfig. 3,336

. 010ual. engrg. 1,020

03 Integration 186

• 05 Purge, vent & drain 656

07 Mechanisms 1,611

. 08 Struct/handling 2,932

• 09 Thermal prot. sys. 10,636

41 Main prop./SSME 7,012

• 43 Reaction control 1,288
• 45 Fuel celI/PRSD 248

46 Aux. power unit 416

• 50 Launch accessories ' 90

• 54 Experiments/optics 90

• 55 Pyro/range safety 292

• 58 Hydraulics 1,045

60 Eviron. cont./life 1,724

• 66 Flt. crew sys. 208

• 70 Guidance &nav. 780

• 73 Digital sys. 226

• 74 Comm. & trackfng 135
• 75 Instrumentation 76

• 76 Elec. power dist. 224
• 93 On-board software 80

q

o Orbiter Shops 1,974

o Modifications 264

VAB INTEGRATION

PAD OPERATIONS

TOTAL TECH HHs (No overtime) 2

2,905 2,606

24,823 14,3651

72,193 16,971

(I) Includes all Morton-Thiokol ET/SRB preps prior to orbiter/booster integ.

(2) Tech O/T hrs. approx. 50% during critical opers.; net SPC effect approx. 20%

5



STS-31 MANPOWER DATA (Cont.)

The above

manpower,
applied:

manhours are for technicians only. To interpret functional support
i.e., total manpower, the following ratios existed and must be

SKILLS MHRATIO (Specialty/Tech)

Technicians (vehicle)

Engineering (vehicle)

Safety
Quality

Planning (PP&C)
Support (test condlmgmt,
computer & S/W, facs, comm)

Logistics
Overhead (all mgmt, admin,
secur, business, subcon)

1.00 (Above MH data base)
.89
.08
.38
.22

1.85
.53

.42

TOTAL SPC HEADCOUNT CHARGED TO STS-31 - 3,460 (2 vehicles in process)

TOTAL SPC MANHOURS CHARGED TO STS-31 - 391,631

STS-31 ORBITER DWELL TIMES

• Landing Ops. (VAFB) - 4 days
• Orbiter Proc. Fac. - 27 days

• Vehicle Assy. Bldg. - 4 days
• Launch Pad - 15 days Total Cycle - 50 days

CRITERIA SOURCES AND RESPONSIBILITY

"Criteria" presented in this document are the result of comments and input from
numerous KSCICCAFS-experienced contractor and Civil Service personnel. The

launch operations experience base goes back as far as Bomarc and encompasses

applicable "hands-on" time with programs including Saturn S-1B, Saturn-Apollo,
Spacelab, Apollo-Soyuz, and, of course, Space Shuttle. The concepts presented
in these criteria are the sole responsibility of the principal investigators,

and not necessarily those of NASA/KSC En_ineerln_ Development•

At first approach some of the criteria may seem less than credible• Note
however, that enabling technology limitatlons are included as part of the

writeups, e.g., much dependence upon a presently unavailable "gee-whiz"
hlgh-denslty electrical power supply. A large majority of the innovations do
not require significant high-tech development, only acceptance of radical

simplification of vehicle, GSE, ground operations methodology, and elimination
of productivity-robbing hazardous materials. Repeated exposure to these radical
(and sometimes austere) concepts is foreseen as a necessary precursor to gradual

understanding and acceptance.

It is a simple extrapolation from cost data in the above SLSOC example to
realize that full, real cost for placing a pound of Shuttle payload in low earth
orbit during the 8 flights of FY 1985 was $5500. This is a desperate incentive

for America to totally overhaul (simplify) its flight hardware, ground support

operations, and related institutional culture. The most fertile area for that
overhaul is thorough integration of simplified launch system operational

criteria with vehicle preliminary concept design• Prime goal of these workshops
is to stimulate the radical, even unorthodox, thought processes necessary to
achieve the lO-fold reduction in orbital payload delivery cost sought by ALS.
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APPENDIX

Appendix'A, "STS-26R Fluids Consumption and Cost Data" presents commodities

quantities and cost data for "return-to-flight" launch of orbiter Discovery

September 29, 1988. It is intended to provide designers a baseline of actual

LOX, LH2, GN2, GHE, hypergol, and other fluid expenditures.

DATA SOURCES

This document contains a variety of KSC Shuttle processing headcount, ground

processing timeline, and material quantity/cost data obtained primarily from the
following sources:

o SGOE/T Study, Phase 2 Report, Volume 6, "Circa 2000 System", dated

May 5, 1988.

Appendix A "Headcount Estimation" - SPC work scope and

headcount by WBS to the fourth digit.

. Appendix B "Ground Processing Timelines" - Actual turnaround

timeline dmta for 51-L by major work categories and related

prime work authorization documents (WADs).

o SGOE/T Study, Phase 2 Report Addendum, Volume 6, "51-L Work Volume

Indicators" dated September 30, 1988

o "SPC Bottoms-Up Manpower Review", NASA/KSC, dated June 1987.

O "Shuttle II Data Base Development", Prepared for Teledyne Brown

Engineering (Huntsville) by Pan Am World Services, Inc. (Cocoa

Beach), - STS-31 processing headcount and WAD data by vehicle

system, including actual technician manhours with skill mix ratios

for all major functional support areas, dated July 24, 1987.

o Congressional Budget Office - FY 85 STS Recurring Costs.
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SUMMARY

What can this document and related SGOE/T references do for program managers and
designers responsible for the next generation of launch vehicles? If the

concepts and "tentpole influence factors" presented here are applied with a
vengeance during initial concept and preliminary design, the next family of

ground processing facilities, launch pads, GSE, and launch vehicles will truly
be a family, will have little semblance to contemporary counterparts, and will
hold great promise of reducing repetitive lifecycle costs to a small fraction
(yes, 10% !) of today's unacceptable values.

The Management and System Engineering section presents a comprehensive variety
of management and system engineering criteria necessary at the foundation of a
SLSOC program to conceive and implement a majority of these "radical" hardware
and operational concepts. There are 3 management (M1-M3) and 12 system
engineering (M4-M15) items identified.

Criterion M4 addresses the exorbitant operations cost that are being
experienced with the current configuration of the STS. Actuals from FY
1985 document a total operations expenditure per flight of $273.7M (or
$5474/LB). Specific recommendations are made and technologies are
identified that may be of use in avoiding these high costs in future
systems. These concepts are support with additional detail in M5-M15.

These criteria are the first steps in reshaping, and totally rethinking basic
design concepts essential to _ cost reductions. Many "sacred cows",
managerial, hardware, and operational, must be sacrificed. Fifteen relative
SLSOCs and 51 technology reference abstracts are presented.

The Avionics and Software section presents experienced insight into related
elements found to have highly significant impact on Shuttle ground processing.
All of the items discussed here are related to ground operations vehicle
checkout and launch sequencing.

The original ,160 hour turn-around, allocation of 5 hours for 'Unscheduled
Maintenance and System Reverification' and 24 hours for 'Orbiter Scheduled
Maintenance' was in reality 753 hours and 1133 hours respectively for flight
51-L (SGOE/T phase 1 final report volume 2 pages 14 & 16 ). The reasons for a
large portion of this overrun are identified in this section.

The criteria represent existing "real-world" electronics capability.
relative SLSOCs and 112 technology reference abstracts are presented.

Seven

The Power section contains a primary keystone of criteria to achieving a truly
simpli-_ launch system. The vehicle must be as autonomous in its electrical
power requirements as technically possible. Vehicle and/or individual systems
"power-up" for T&C/O must be eliminated as a repetitious "big deal" event.
Highly complex military and civil aircraft are powered-up daily without need of
complex facilities, "control tower" interface, or related scheduling and control
overview. Admittedly, these concepts are highly dependent on a non-existent
"gee-whiz" power source and/or completely innovative operational design

considerations. The need is real and pressing. One integrated SLSOC
and 59 technology reference abstracts are presented.

The Structures and Materials section beats heavily on Shuttle-style, delicate,
complex TPS, and also goes to combat with productivity-interfering ordnance.
All ordnance is perceived by responsible safety elements as a serious potential
hazard and is accommodated with stringent, complex procedures and document-trail
safeguards. Design alternatives to pyrotechnics include use of shape-memory
metals (Nitinol), range destruct via external ground or aircraft-delivered
weapons, and innovative stage separation automatically (and simply) initiated at
engine shutdown and controlled aerodynamically during separation. These



concepts are seriously, even if radically, proposed as samples of thought

essential to momentous cost reduction.

Four pertinent SLSOCs and 87 technology reference abstracts are presented. The

following include quantified study data:

O Criterion

concludes

headcount

conclusion.

S3 addresses TPS and includes a quantified exercise which

the possibility of reducing the TPS-related Shuttle-equlvalent

by 162 people; a highly significant, but unsurprising,

O Criterion S4 addresses Ordnance, and also includes a quantified exercise,

concluding that total elimination of pyrotechnic devices may reduce

Shuttle-equivalent headcount by 60 persons, and might decrease the ground

processing timeline as much as 1 day per flow. Examination of as-run

Shuttle schedules reveals that most ordnance work is performed on late

night shifts and in parallel with other vehicle work. The identified

headcount is therefore somewhat surprising.

The Propulsion section provides a variety of ideas for simplification, and
ground processing timeline improvements, e.g., elimination of TVC by engine
gimballing and its pervasive infiltration of ground processing. More pointedly,

quantified exercises for hydraulics, hypergols, and gaseous purge/pressurization
systems are presented.

Nine SLSOCs are presented and include rationale and samples for future program

simplification. 77 technology reference abstracts are also presented. The

following SLSOCs include quantified study data:

O

O

Criterion P4 addresses flight and supporting GSE hydraulics. The included

quantified exercise goes to some descriptive length to conclude that
hydraulics systems create a pervasive, surprisingly large, "invisible tent

pole". A decrease in Shuttle-equivalent headcount of 37 people is shown
and defined. Compensating headcount is included.

Criterion P5 addresses hypergol systems and related ground support. An

extensive presentation of operations, GSE, and headcount is presented to

substantiate indictment of hypergols. A potential Shuttle-equlvalent

headcount reduction of 106 people is identified. Compensating headcount
is included.

O Criteria P6 and P7 briefly discuss gaseous purge and pressurization
systems. Data to quantify manpower, hardware and processing timeline

impact are not readily available. Ouantified data for a typical, current
launch are shown to produce a nitrogen and helium commodities cost of

nearly $.9M for flight hardware support alone.

The Facilities and Support Equipment section presents an extensive dissertation
on ground processing methods, facilities and GSE. Horizontal processing and

transport of an all-liquld propellant vehicle is proposed, wherein all stages

are free of large explosive masses, and are never lifted free of the ground;

all in the interest of increased safety, minimized area-clear exercises, and

simpler (cheaper) facilities and GSE.

Nine relative SLSOCs and 65 technology references are presented. The following

criteria include quantified work scope and headcount data:

Criteria L6, LT, and L9 address horizontal processing, horizontal

transport, and stage erectlon/nmtlng at the launch pad. They are directly
related, interdependent, and analyzed as a single entity.

Prime feature of this scenario is the elimination of labor-intensive

I0



crawler transporters and mobile launchers with the substitution of "dumb"

transporter dollies (either rubber-tired or rail mounted) with stage

erection performed virtually free by a robust, innovative mobile crane
concept. The conclusion forecasts a potential Shuttle-equivalent

headcount reduction of 104 people, yet includes headcount allowance for

the new, radical alternative.

Criterion L8 addresses the concept of a "barren pad" which possesses very

few of the "normal" towers, gantries, swing arms, flame deflectors, water

deluge/sound suppression, pneumatics, ECS and pad pressurization systems.

The barren pad has only an elevated concrete apron, propellant farms,

light/lightning arrest towers, stage-mountlng/support butts, and

deep-water exhaust-flame quench pond. The only vehicle-to-ground hard

connects envisioned would be electrical grounding, and lift-off type

propellant QDs. Vehicle electrical autonomy (as noted elsewhere herein)

would have the additional benefit of eliminating need for hard connection

at the pad. Vented fuel gasses might be burned at the vehicle to

eliminate the need for the usual extensive "vent-and-burn" farm system;

admittedly requiring development of new concepts and systems. Or,

alternatively, why not devise a simple cryo heat exchanger to condense

would-be vent gasses in the tank? The imagination should not be limited

to conventional solutionst

Conclusion of the L8 work scope and headcount analysis predicts a

potential Shuttle-equivalent headcount reduction of 224 people! Headcount

compensation for alternate replacement systems is included.

These simple, limited-scope exercises indicate a realistic (even conservative)

potential reduction in Shuttle-equivalent headcount of 693 people by application
of these few SLSOCs bearing quantified data. In summary these are:

Provide robust TPS -162

Eliminate pyrotechnics - 60

Eliminate hydraulics - 37

Eliminate hypergols -106
Eliminate CTs & MLPs -104

Provide barren pad -224

This is only one of several essential giant steps in the right direction. Those

SLSOCs relating to management, document automation, PP&C scheduling and

reporting automation, and the entire family of on-line, interconnected

computer-controlled enhancements can (and must) enable equally dramatic

improvements in time and cost reduction.

The launch systems LCC iceberg has been attacked by the heat of SLSOC
examination. The main body of the iceberg (multiple complex facilities, GSE,
flight hardware, O&M Requirements, and many many people) is a large structure

necessarily built to house a very complex, interrelated, intensely managed
launch system. It might be compared to a grand seven-story mansion, whereas

SLSOC suggests a four-story condominium is adequate and cost-effective.

"New-think" simplification and reduction of future flight hardware systems

quantities and complexity, integrated with the simplest overall ground
processing configuration, are the bedrock foundation of reduced LCC.

In conclusion, although some of the attached SLSOCs will initially be considered

overly radical, each is submitted as a serious example of innovative design

"rethink" essential for the large , exceedingly difficult cost reduction

envisioned by ALS (and mandatory for large-scale emergence of America in space).

None of the concepts should be dismissed or ignored, as each, llke a lone candle

in the dark, can additively create the light necessary for a bright, affordable

American space future.

II
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No: M1 Title: Procurement

Operations Requirement:

Government procurement must utilize a contracting mode that establishes prime

contractors with sufficient system integration authority to define system
(hardware and software) configuration requirements. Thls vlll enable

cost-effectlve management for the total system architecture (including hardware
acceptance and sub-contractor control).

Rationale:

Contracts that specify GFE, such as engines, and dictate detailed
specifications rather than end product performance severely limit a prime
contractor's ability to achieve the optimum design or manage the Job in a cost
effective manner. Most detail hardvare specifications limit the contractor's
capability to be innovative and cost effective.

Sample Concept:

Program level specifications should be developed only for the top level of end
product performance and include profit incentives.

Production contracts for systems / components should be placed under control of
the prime contractor.

For Example: The lunar orbiter .program vas a highly-- successful performance
incentive program that operated under this concept.

Technology References:

SGOE/T Study Report, Volume 3, Part 2, 4 May 88.
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N_oo: M2 Tttl__e: Design/Build Teams

Operations Requirement:

Beginning with the conceptual definition through the design phase,
the experience and knowledge of specialists in all areas,
manufacturing, procurement, ground operations, etc.

integrate
including

Rationale:

As a result of compartmentalized organization responsibilities, past vehicle
designs have not fully utilized and integrated the knowledge and experience of

specialists in all functional organizations.

The past sequence of hardware development, whereby the hardware designer
completes his design (without input from manufacturing, purchasing, operations,
etc.) and "throws it over the fence", for the other organizations to do the
best they can in producing and operating the hardware in a cost-effective way,
has led to life cycle cost an order-of-magnitude higher than necessary.

Sample Concept:

Management must adopt deslgn/build team concepts. This vlll
adequate flow of experience and coordination from operational
engineering design during the definition and development stage.

provide an
elements to

Individual program requirements should determine its organizational structure
-- not vice-versa.

Technology Requirement:

Advanced teamwork.

Technolo_7 References:

SGOE/T Study Phase 2 Final Report, Volume 3, Part 2, dated 5/4/88.

SGOE/T Study Phase 1 Final Report, Volume 1, pp.14-16, dated 5/4/87.
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.N..oo:M3 Title: Deming Style Management

Operations Requirement:

Traditional compartmented management style must be replaced with

team-style management with integrated quality.
Deming-type,

Rationale:

In maturing over the past tventy-flve years, aerospace management, both in and
out of government, have succumbed to bureaucratic disease whereby the first
consideration of any management or technical problem is how it will affect the

"status quo". If the effect is negative in any way, the answers are often

skewed preventing top management from making cost effective decisions. Top
management also suffers from biased decisions made to accommodate their "status
quo".

Sample Concept:

Computerized databases can eliminate need for many middle managers who now only
gather and provide information for top management decisions. This will allow
top managers who know how to effectively use computer tools to obtain data that

is unfiltered and unbiased by middle management protecting their turf.

Hanagement culture must change to a more partlcipatlye management style (a la
Demlng) without wasteful department barriers. This must take place both in
NASA and contractor ranks.

Vith a high percentage of managers in NASA and contractors approaching
retirement, there is an unusual opportunity to accomplish the change. Care
must be taken not to replace these retiring managers vlth their look-alike

proteges or nothing will be gained. Selection of new managers should be based
on their ability to make imaginative use of the latest management technology

and who are not ingrained with parochial viewpoints.

The individual program objectives should determine the organization requirement
-- not vlce-versa.

Technology Requirement:

A total culture change in managerial techniques. Brain restructuring.

Technolo_r,/ References:

"Managing Quality" Handbook, Boeing Aerospace Co., September '85

"The Demlng Route to Quality and Productivity", W.N. Scherkenbach 1986.

SGOE/T Study Report, "SOCH Appendices", Draft dated 9/8187.
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No.: M4 Title: Life Cycle Costs (LCC)

Operations Requirement:

Operations efficiency must be considered during concept development and design.

Rationale:

Operations requirements have been disregarded in the past because they are
brought up too late in the design cycle to be implemented in a cost-effective
manner.

FOR EXAMPLE (FY-85 STS OPERATIONS COSTS FOR 8 PLIGHTS):

SRB $464.2M PLIGHT OPS $345.3M

ET 415.8M ORBITER HDW'RE 162.6M

LAUNCH OPS 347.5M CREW EQUIP 36.3M

PROPELLANTS 30.3M SSME 51.6M

GSE 24.1M CONTRACT ADMIN. 17.1M

SUBTOTAL $1894.8M

PLUS NETWORK SUPPORT

R & PM

FY-85 TOTAL COST

$ 20.4M

274.2M

$2189.4M ($273.7M ea. for 8 flights)

Minimizing upfront program costs multiplies Life Cycle Cost.

Sample Concept:

• Do not sacrifice operational efficiency for vehicle performance•

truck - not a Perrari.

. Prepare thorough and realistic life cycle _st analysis for Congress.
Congress.

• Emphasize Life Cycle Cost - not start-up costs.

• Implement tools listed below.

Technology Requirement:

Build a

No new technology required, only further development and implementation of the

proper concepts and tools:

DEMING MANAGEMENT AND QUALITY TECHNIQUE

ULCE (Unified Life Cycle Engineering)
DESIGN/BUILD TEAMS

MAINTAINABILITY

SUPPORTABILITY

DESIGN-TO-COST

MANDATORY MTBF/MTTR

Teehnolo_-/ References:

NASA/RECON: (Abstracts attached) 86X75319, 86N28011, 86A42678, 86A42618,

86A21872, 86A10929, 85A45150, 85N30966, 85A42678, 84X78919

84N31062, 84N26962, 84N24495, 84N23330, 84A15212, 84A43748

84A30608, 83A49578, 83A48334, 82A14787, 81NI1907, 81A30295
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No..* M5 Tltle: Design to Cost

Operatlonal Requirement:

Assure that adequate Deslgn-to-Cost budget is allocated to operatlonal
considerations such as malntalnabillty / supportabillty.

Ratton_e:

The history of previous programs is fraught vith Life Cycle Cost extravagances
casued by inadequate front-end budget considerations for operations related
design.

Technology References:

NASAIRECOH: 84N19129, 81N29023, 81Nl1907

DoD directives 5000.1 and 5000.28.

See also H4 (Life Cycle Costs).
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No: M6 Title: ULCE (Unified Life Cycle Engineering)

Operations Requirement:

Use Unified Life Cycle Engineering (U'LCE). Thls is a design engineering
environment in vhich computer-alded design technology is used to continually

assess and improve the quality of a product during the active design phases as
yell as throughout its entire life cycle. This is accomplished by integrating

and optimizing design attributes for producibillty and supportability vlth
design attributes for performance, operability, cost, and schedule.

Battonale:

No integrated methodology or dlscipllne has been used to provide advantageous

computerized integration of producibility and supportability vlth performance,
cost and schedule.

Sample Concept:

Implement Unified Life Cycle Engineering
birth-to-death unified design environment.

(IJLCE) system to provide

USAF Project Forecast ll's ULCE (PT-32) provides the environment for all design
attributes (e.g. Performance, producibillty, support, quality, cost, schedule,

etc.) to be appropriately addressed during the design process taking maximum
advantage of computer techniques. Provide for computerized
approval/concurrence control of requirements, procedures, and anomaly

close-outs as part of ULCE; also provide for risk management, configuration
control, mission/range support, flight readiness revlevs, resolutlon of

In-fllght anomalies, etc. V

Technology Requlrement:

Continued development of ULCE.

Technolo_ References:

SGOE/T Study Report, "SOCH Appendices", Draft dated 9/8/87.
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No.: H7 Title= Risk Management

Operational Requirement:

The unmanned ALS program requires

veil-englneered risk management program.

compliance with a non-emotlonal,

Rationale=

Trying to provide a "zero-risk" launch program is llke dividing cost by zero.

The emotionalism and overreactlon to the loss of Challenger_ has impacted the
STS program far more than a logical risk management program. In addition to
the two plus years of manifests that were lost, future vehicle processing time

has tripled from the pre-Challenger goal.

Launch readiness decisions must be made by technlcally qualified managers based

on a disciplined test and qualification requirements compliance database.

Smsple Concept:

Effective use of the Design/Build Team concept which utilizes the knowledge and

experience of all disciplines should contribute significantly to an effective
risk management program.

Use of the Unified Life Cycle Engineering (ULCE) concept will provide the tools

to follow through on the risk management program.

Vehicle systems that are fault tolerant and closely monitor health of avionics,

mechanical systems and structures.

Technology Requirement:

Stringent use of the Deslgn/Build Team concept.

Further development of the ULCE modules.

Fault tolerant avionics

Comprehensive vehicle health monitoring system to include avionics, mechanical
systems and structures.

Technolog_vReferences:

NASAIRECON: 84N19124

See also M2, M6, A1, A2, S2.
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No.: M8 Title: Reliability / Operability

Operational Requirement:

To provide a vehicle with adequate system availability, resiliency, and
schedule dependability to eliminate schedule impact and resulting process cost
(i.e. manpower and overtime).

Rationale:

The processing history at ETR and KSC of both expendable and
vehicles support this requirement. Included below are typical

surfaced during Phase 1 of this Study.

recoverable

items which

Sample Concept:

I. Launch vehicles

system redundancy:

must be designed with very large performance margins and

• To allow operation well within design margins•

• TO ensure mission completion despite hardware failure.

• To require less pre-launch testing•

2. Systems and components must be simplified and ruggedized to reduce failure
modes.

3. Performance margins must be increased and more extensive qualification

testing performed to increase MTBF.

4. Designs must include status monitoring features so that system health can

be easily and quickly determined•

• Performance must be completely mapped as a function of time-in-service so

that maintenance and replacement can be planned to minimize operational

impacts.

Technolo_Requirement_

None

TechnololyReferences:

NASAIRECON : 86X70507, 86N28011, 86N24579, 86N21425, 86N20054,
86A22393, 86A22391, 85X72180, 84N23813, 84A15215, 84A15212

SGOE/T Final Report, Phase 1, 4 May 1987
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No.: M9 Title: Halntainabillty/Supportabillty

Operattonal RequireEent:

Maintainability / supportability must get high priority in Design / Build Team
representation.

Rationale:

Analysis of STS cost drivers in Phase 1 of this study includes, for example,
documentation of some 226 maintainability issues (problems) and 104
accessibility issues. Host of these vould not have occurred if adequate
consideration / priority had been assigned before the design vas cast in
concrete.

Sample Concept,:

Strong representation of maintainability and operations disciplines or Design /
Build Teams.

Technology Requirement:

None.

Technology References:

NASA/RECON: 86N24579, 86N20054, 86A32095, 86A22391, 86A22380,

85X72180, 85N16743, 84N22528
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No.: HlO Title_ Logistics Support

Operational Requirement:

Provide adequate spares provisioning from the beginning.

Rationale:

Spare parts provisioning is yet another illustration that the Shuttle Program
was not prepared for an operational schedule. The conscious decision was made
to postpone spare parts procurements in favor of budget items of perceived
higher priority. The policy proved to be shortsighted and has led to the
inefficiencies of cannibalization to support the flight rate.

From the Challenger Presidential Commission Report, "The logistics support for
51-L ground processing was inadequate, since it created a need to remove parts
from other orbiters to continue 51-L operations. For 51-L, 45 out of
approximately 300 required parts were cannibalized. These parts ranged from
bolts to an OMS TVC actuator and a fuel cell. The significance to operations
of cannibalization is that it creates (1) significantly increased efforts to
accomplish the same work due to multiple installation and retest requirements,
(2) schedule disruption due to added work and normally later part availability,
and (3) orbiter damage potential due to increased physical activity in the
vehicles. These efforts make cannibalization operationally unacceptable."

Sample Concept:

Accept the necessary up-front costs of adequate spares provisioning in order to
reduce Life Cycle Costs with more efficient operations.

Technolo, _ Requtresent:

None

TechnoloEvReferenees_

NASAIRECON: 87A27619, 86A30550, 85NI1996, 84N26962
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tl_ _ on test equilmmt, m-d (4) the c_st of post _t $ofttmz_ sujppo_. _[x systmm fm- the LI_
pmgnm _ that _ _ I_s ax_ _. 'I_ _ and _c bemf:itsof the
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No.= Mll Tltle: Operational Test Requirements

Operations/ Requirement:

Valid operational test requirements should be defined by the Deslgn/Build Team
(see H2) and integrated into VHMS (Vehicle Health Monltoring System) where
possible.

_tionale=

Current and past LV programs, at both ErR and KSC, test and retest at the
instigation of individual design, test, and technical management organizations

(Contractor, NASA, and Aerospace). All of these practice CYA to extreme
levels. Further, nonce a test, always a test", vlth little or no effort made

to remove test requirements which can no longer be justified. Many of these
tests are the result of inadequate incorporation of operations experience in

the design.

Even where the design includes self-test capability, old habits dle hard. For
example, on IUS, pre-deployment checkout utilizes a VHMS and verifies IUS

readiness for deployment in approxlmately two minutes. Equivalent ground
testing requires extensive manpower and GSE which manually sequences each test
step, with serial manpower-intenslve data analysis. Each time the IUS is

moved, it is retested in this manner resulting in many additional weeks of test
time.

Sample Concept:

Implement VBMS concept to fullest capability and not allow its capability to be

duplicated at the test site with GSE and manpower in a make-work scenario.

Eliminate test/retest requirements imposed at the test site by the subjective

confidence level of test engineers and/or technical management personnel.
Unnecessary requirements are often imposed by personnel with no responslbilty
for cost or schedule.

Technolo_ Requir_t=

VHMS

Technolog:vReferences=

SGOE/T Study, Phase I, Final Report, 4 May 1987.
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No.: M12 Title: Quality Assurance

Operational Requirement_

A modern OA program that virtually eliminates the requirement for a large force
of Quality inspectors with its inherent inefficiencies impacting processing
times and costs.

Rationale:

Quality Assurance places emphasis on inspection. As a result of the Challenger
loss and the Presidential Commission Report, program management has amplified
this problem by increased manpower and efforts to inspect quality into the
product. American industry, led by Japan's implementation of DemingWs methods,
is beginning to understand that inspection is not only costly, but also
ineffective.

Sample Concept:

New systems design should place emphasis on computerized, self-check
verification for electrical systems and require minimal inspection for
mechanical and structural systems.

Management and workers must be be trai_ed and led into a total quality program
(a la Deming - see SGOE/T Final Phase 2, Volume 3, Part 2, SOCH Reference
Information, Section 6.2). The Deming approach is not to automate quality
verification, but instead to build quality into the product and promote quality
workmanship thus eliminating the need for constant inspection. This would
require a major change in culture as well as MIL-standards but needs to be
done.

Technology Requirement:

Management reset and implementation.

Technolo_ References:

DIALOG REFERENCEs 1934413

Ford Motor Company, Product Quality Office, Dr. Deming's Concepts, Dec. 1981.

Ron Cristofono Workshop Series, DF_4ING's FOURTEEN OBLIGATIONS OF MANAGEMENT

Scherkenbach, William W., THE DEMING ROUTE TO QUALITY AND PRODUCTIVITY

SGOE/T Study, Phase 2 Final Report, Volume 3, 4 May 1988
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No.: M13 Title: Safety

Operations Requirement:

Special safety requirements, particularly for ordnance and propellant related
items, must be reduced to a bare minimum and preferably eliminated where
possible.

Rationale:

Hazardous operations and conditions in the vehicle preparation area greatly
affect operations times and increase costs. During such times, technicians are
prevented from doing useful work on the vehicle, and only one task can proceed
at any one time. To minimize these delays, ordnance operations must be
absolutely minimized and preferably eliminated from the processing flow.

Related KSC Schedule History:

1. The 160-hour schedule had 8 hours for ordnance installation

at the Orbiter Processing Facility (OFF).

2. Currently 112 hours of processing time is spent in ordnance

operations in the following areas:

OPF ............................................. 8 hours

External Tank (E/T) Checkout Cell .............. 22 hours

Vehicle Assembly Building (VAB) ................ 44 hours
FAD ............................................ 36 hours

(20 hours requires complete pad clear)

Total 112 hours (Total on-line serial time 44 hours)

This schedule is primarily taken from the as-run of 51-L,
then modified to simulate a typical STS flow.

The eight hours of scheduled ordnance york in the OPF is

considered serial time since area clearing is required
and restrictions are placed on other activities.

The 66 hours in the VAB (including the E/T checkout cell
is parallel work since it is primarily done while the
orbiter is in the OPF. It does restrict some other work
in the VAB.

The 36 hours at the pad is the most detrimental to the
schedule. At least 20 hours requires clearing the whole
pad and it would be hard to calculate how many man-hours
of other work are lost.

SupleConcept:

Management must usure that program requirements and RFP's reflect this
requirement to minimize the impact of safety requirements through appropriate
design, requirements and procedures. Also, the management of design, safety,
quality, and operations personnel must assure that requirements and procedures
are not redundant for CYA purposes only.

TechnoloEy Requtrement:

See S4.
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No.: H14 Title:. Security

Operational RequireAent:

Security requirements vhlch impact costs (most do) should be mlnlmal and
realistic.

Rationale:

Operational costs for past and current programs have been significantly
impacted by security requirements. Cost impact data was not available or
considered. This cost impact includes security control and accountability of
paperwork; controlled access areas; screenrooms; TEMPEST equipment;
separate softvare; etc.

Sample Concept:

Impact (of security requirements) should be defined by the Deslgn/Build team
and fed back to Program management for reevaluation of security requirements on
Design-to-Cost. In other words, don't run open loop on the cost implication of
security requirements.

Technology Requirement:

None.

Technolo_ References:

None.
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Noz M15 Title: Connectivity Architectures

Operations Requirement:

Conform to computer interface standards to allow complete connectivity (both
text and graphics) between organizations including Design, Manufacturing,
Logistics, Procurement, Operations, etc.

Rationale:

Current methods of information flow is inadequate, not time synchronized (much

less in real time), and error prone.

Connectivity architecture is rapidly becoming available which allows ready
interchange of data among different computer operating systems and databases.

Significant cost reduction in LCC can be made by contractual requirement to

utilize industry / government standards.

Technolo_ Requirement:

DoD Internet Architecture.
MIL-STD-1840A.

Technolo_References:

Final Report SGOE/T Study, Phase 2, Volume 3, Part 2 (ULCE Section 2.1).
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No.; A1 Title: BIT/BITE (On-Board Checkout)

Operations Requirement:

Current configurations require extensive use of GSE to support
checkout. Future systems should incorporate onboard checkout and
(preferably eliminate) GSE.

vehicle

mlplmlze

Vehicles should have sufficient self-test capability to verify flight readiness
or isolate problem to LRU.

Rationale:

Current configurations require complex GSE hookups to support system test and
operational verification. The configuration verification, required for test
hookup and calibration, defeats efficient operations.

To accomplish order-of-magnitude cost reduction, ve must achieve 160-Hr or

better turnaround time for recoverable stages. (160-Hrs was the original STS
Turnaround goal whose actuals have grown an order-of-magnitude). In addition
to turnaround times exceeding 1500 hours, aging recoverable vehicles will

impose requirements for structural inspections which will require extensive
time periods offllne. ELV's must have comparable processing times.

Sample Concept:

After a firm set of test requirements has been defined early in the design

phase, the associated hardware/software required to support on-board testing
must be incorporated in each subsystem. It is important to maintain subsystem
self-test autonomy.

BIT identifies and records anomalies during flight. After landing, BIT/BITE
isolates problem to LRU level. After replacement, BIT/BITE retests and
verifies flight readiness. Ideally, recoverable vehicles would include sensors

for complete structural integrity to avoid extensive downtimes.

TechnoloEy Requirement:

Further development of Vehicle Health Monitoring System (VHMS) vlth BIT/BITE to

meet specific requirements. Development of structural sensors including
corrosion.

TechnoloETReferences:

NASA/RECON:

87N10079, 87A33872, 87A32118, 86N20489, 86A40591, 86A32796,

86A31260, 86A23765, 85X77042, 85X70467, 85N34596, 85N22528,
85N20697, 85N16900, 85N16898, 85N16897, 85N16753, 85Nl1594,

85A45975, 85A45398, 85A45082, 85A28633, 85A26804, 85A24795,
85A13194, 84X76865, 84X74856, 84X71619, 84N34500, 84N26573,
84N14754, 84A46661, 83A49578, 83A45473
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N_timal ._mmttcs and Sp_m _tdnistmtim. _ ltmum_ Orator, l_s, Ca1._.

__-ATA_(_ddm_NwrJs_t:lcnaxlQ:ntmlGau_u-_, _yml_s, O0_._lg. 19-21, Lc85. 9p.

AI_ I.F.

lx_smt t_dml_ umd m m_tt_ systms tn fl_t trots ts mt _dva,_! er_h _ _ _ avtmics
in h_h _,ffi_,,_,...,= _. _ is I_g_mt at l_,'s Dtyim l_lsht _mmah l_tltty to dmtgn
m ecp_-t sys-tantommitor trot £Ltghts. _lheeq_systmis tnmtm_det_ta_,pL_blam in tin
fl._ht _nt_ _tsn (KS), tnts-pmt the pmblm fzm _ tnExmtim _tstrni in itsl_uds_ _ infzn
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S?eceSmti_ autcmtim _

,_IH- _ R. F.

CID: t/413_ srgI_

H]_lSl

ADA: O.C.

(I_: _ttz_ (_., astfn_, Ikm.; _tLm_ _cs _I Spice _t_ _ F. _ Space (_mt_',
Q:x:mBemh, Fla.

C.D,

pLWenmt _ at me_Sp_omt_(_), Ism_,-__. 'u-_L,-e_m_at d.n_ md its

pmsmlx_t. _he I_Sck_sbrLet_descdl_,_rd_LnUm_tkn_L_SvL_l_l_S,a cmstz_lnt- md'___
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8_E33 ISSUE12 P_E 1692O_m30_ 5 _ 6 P_ES _ mo.l_r

I_zts of autmattm - _a_attm and flight trot

A/_, Schlp'_ol,_tte:laxls)

IN'. _Aght tem:ing toSS: Imovatl_ _genmt and _4r_l _ of tim l_-temth _ l_mslu_

1983,p. 1.2-1to 1.2-6.

ted_ica]. _ of aulx_tlcn in fl_ht test pm:l_mms at_ e_Mr_d, _ into a_ount _dack,_

in umkla_, _ts f_r the __t_n of _m, andasp_ts of _ _Ckn. _ts in

_tlon -_l_h _t to flight test _u_mmt am J.,w_t_t_l. _I_ flight test _,,_-.t mmldet_ em
be d_mm_ by ft_ li_, ir_.kflirg _gisties, ix_m_tlcm, test, pmsmtackn, _ g_.,-.mlmt-_m. A
de_ptlon is _ of an _t_t_l syst_ _hieh _ _ gi_m _o _,=_,,_ in t_t mtlvltl_, the
re_xls of adequatemmlt pmiletim, and the l_mlui_t_ of mt_mti_.

8_A268_ ISlE 11P_GEI._1_ 33 83A33A_6 P_IES_ I)30.FENr_

_ mlati_ bet_s_ an _ avionicsystemat'dRtectt__ theelindmtlonof tim _ f:_ an

Avionics_ntemdiate Shop(A_S)

_I_ A/_, S. J.
o_

P_ A/(_D_r_mlcs O_p., Pc_-tVc_h, _)

11%1:_ '83; _ of the _, Fortgarth,_X, _ 1-3,1983(ba5-26"/7611-59). NEw
Ycdc,YastltumofZlectricalmd gle:tmnicsEt_inmm, Yxr..,I.q83,p. _.

O.C.

Am: _ aviaxlcsZn_mmdla_Sh_s(Ams) ba_inthams_ben_fxxmillm_y_, tim e,s_rg
V,,._/%_ISIE teclmlq_ hss gl,aml rise to the nm_l_ll_1_y of novel, %re_I/ plq:Itialsl avla-dcs systm

m-chlt_mms tl_tdonate ti_Iti_sl_ pro-iscmts t_t f_m1_ l_q_l _ Justifiertlm_of m

A]_ _ avlord.cs_ tl'_'efmm be_lelu_te_md_mllysui_sm'tmd bya te>-]e_1, mRint_x_ systm_

A1_z_c gemmllzatia_ m_ pmsmtel Rs:tim_ of timslsms cmts ial_i_tims of attemti_
pm'tltlardrg_ f_ f_tt_'eavlmics.
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W_7.4795_ _IE 10 P_ 1347 _ 18 85/(9./_ 4 I_ES _ II}_lr

tn_ Z_md_ mle f_ mtma_ _ m_tmy swce

&_I__D. D.; _,IL R.

69



m_ A/(_ zr_t_ o_ _, Jet _ _, eaman, CA); W(W_, Spare
Orate:, _ ,@B, 1_

01_: Jet Prqxtl_m l_b., O_T_F_a T_st. o_Tech., Pasadena.; Air Force Space--Ureter, _ AFB,
R. F_:tco.

CID* __._/IES; ,_c_:emA_rlca _07_722X), _. 23, Feb. 1985, p. 7#-77.

M.S.K.

8_ ISlE 3 1_ 287 (_ 20 1_: Ya_F_ 84-_4 _.,/1W0311 l_S _ 120CtI.IHNr

RIlIt: _lJII_ A. _I.

m_: A/(_, u_,sity,ta_ ca)

_ Sr.,e_l]_S;Y.nte::rat:tcne3._t_tical x:k_lemtim,Y.nt_t:kml .A_tr_tlml O_gress, 15d_,
9¢1_rd, O_t. 7-13, 1.q_F,.I/p.

CaR,

_: 11_ _tlan of almdn_ to a ft_ amilab_ mm_ c_ _ grmtl_ _ _ tom1 tnpul_ _.
_1_ txesmt tn_ttm is, _, _ vith the _d_t_ to ut_Zt_ almtntm avaflah_ in 1_

_t 0_) fix m_tnlx_m. _l_r__cmld, fnr _, be
_11_ by l'avtrg d_ _ _ttle lm_ its _-_ ta_k _a _t_t. It ts _U_l tt_t tl_ttm _ m
Ocbit_ T_mf_rVd_(OlV)wuldmt_effeemt_ot_tmt_irlg. _etm_mfue_gtr_f_
_OlV'sts_ _tmttmt._gi_ m__, tl_tmo[___trm tomt_ tl_

moo • • ,at,q,o. e • • • • • • .,*o. q,..o •.. • o... ,i, qu,q,. • • .. • .oee***** a. • ee o,o • • *ql** o e o * • o * * • *e **• ql** 4 eeo *. * o* * **o* *,n** ****** • q*• _**** q*• **e*e***eo

86X7_8_(ym_l_ 6 84/05/122 IpGZs_ [xIllq[_us GIY/,q_]g_

_ s_ttms f_ _ fmlt chin:tim systm

_': Joint l_Ltmtims _ Set-vim, _ Va. In its _ l_qpe _qzrt: SeL and 1_-_L
(.mm-usr-aa-c_-a) p 26.-27 (sin ma-7e_ m3_.)
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AUIH:

(_P:

_JIH:

SAP:.

(29=.

2479 Itt/(D/(D 116 _ _ [IIIH_ _ (t77

test ((]3r) _7,_nt p_ject. _ _.
_m_t project)

Z_1.1_:,1_. 1979-Jun. :Lq83

_,B. C.

.a_l'_mt_ca_ _ l_.v., VrJght-Patt_m AFB, (]'d.o.

_./s_D (B_t-in Test/_tm Zntegmted Test)

mr):

./INS:

HINS: / _ LIFE _ A_ _F.,_I[.;T_ _ _/ _

eee oeee • eee • • • ee • • • • • • ee • • • • • ee • e ee ee ee • • • • • • • oo ee eooe oe oe • • • • • • • eo • ee oo eo • • • eeo • • • ee • • • • ee e* • • • • • • • eo • • • • • • eo • • • • • • •

84X71619__ 321_1_: _07626_ _I"-KE-9_ II&RIIM/PAv,..34-1A.t'I.C-EaM-StD-39APSC-P._,_.-800-3981/(13/19223

or_ Joint__.C/_/_ _t-in-testdesignguide

CleF: _ I_ Q:m_, _tflr_m, D. C.

CID= __

]_y_n_._y _ _ _ _ _ S_SI_S[A
eeeeee4oooeeeeo • lie eeoooooeoo • * • • eeeeeoeo • • ooeooo • • emeooeeeoeee ooOO@ • • • • eeeeoooeoo • oeeeooeoeo le ee4eeooe • • eeeeo eeeo • ee •

_ I_KE 24 B_ _6 _ 19 1_: _W-,-_ 84/0B/_ 8 I_G_SLtII,k_SIYI_ l_oJe_ i_a' i_[_949

A £_t6t-tc_e_ant n__ unit f_r _4x_d mt_]_t_ _ a_] em1_].

_A. P,.,,_; IM@Rff_,R. C. O.

i_l:Ll_'emm_ at d_SthO:r_r, l_'_dl,:,;u_de_ut_utica, a_dat @nlstO0r_. La_ de#_0,uttm,
_mde, I_1., 3-6 _p. L_84

/ _._J_ _m_./_ (_)/*(_B_D I_A _ * (_D B_11_
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8ttq26b'?__I.1E ].7 I_G_ 2_6 _ 6 8tC1312/(D20 ]_:_1__ I:XX3.tlI_lrI:r.AFID'KI]25

tlrJL: _ YdenHr-_caCtonlq:dde 0q:H) fur digital _ntml sysm_ -- av'Jordcs

.MJm:Aa::_ G.

SAP: R_. _25/HF _ _nl]g_IRP_x_e. of12_S_p, m_Y.nt_mt_mm._p _ (SEE
17-01)

CID: G_I_/, _I_IE_

ABS: It is azguet that Uxxt_ shooting of _mie system is too e_per_, l_f_ts _ to the mtnt'emm_
or oth_ f_[lut_inflimteflmttmmtn__azeofte_mtom-_[nm_tn_tm _ tt'ouhle

_h_otirg, _ of tmocmct or tncm_te otrjecttcm or becmse of _ or _
m the mit. To._e t]_ tmt_h:_tir_msi_:_dmmmltahle_d md_m_ th_mte of
d_mts a failm_ idmtificaticnmdUle (F_) Js_. D_drg tl_e _t axt tl_ pmt£1_t test pham,
as ,__1.l as dutflrg ttm qpemtim Itmm _ ttm cmtml.le:, _is F_ _ essmttal data_ tim cmtml.l_ mfl
im mfety s_m. _dsm_s_sllnanm_c_lati._m_y, so_a_i.labled_gi_a_ f_th_.
,At the _l_l.s_th_tie_tntl_thed_i_lh_:_._-_,.mit_ a

8_14_ ISlE 5 P_ 72_ _ 61 _ 6 _ tNIAS_I_ [_L_SE _F BG_I

S_ IE_a3/l_Afl1_l__]_g. p2_--2_ (_N84-14729(B-61)



_1 ]ZSUE23 P_D_3434_ 61 83/(XP_ 18 P_2E3_ HXllq_qr

&IIH. _ W. F.

A/_ _ntm_, _ _, _)

_: _ '83; _ of the _nte_ttan]. Te]e_t_'_g G_, _m Diego, _ O_t0ber 24-27, Lq_3
(_4-t_O_ 23-32). _ _ Parle, _ Ymmmmt Society of _rlca_ Lq83, p. 71Y-734.

T.A.

ABS= _ _ fm.U._es of sc_cmp_t_sv_furm_-_, m-tmnteva]md_n_ain_ test data
ds_d/_. _ _cml_umdeith_a_x_tm_orataK_lg_udstadm. _mgtt_ data

by the _ _ st_l_cc__Klcu_v_, ].trait _ test dam, a]am
_m_at_n; _xflar 1_ dam lZesmtactcns; hard copy of _ pmsmtattms; or _ca_ _ data st_p
n_oit,-_. _ted _nto tt_ _ am fa:i3.tt_ far smi-mtomdc _t_n of sm_xs and tape

f_r axtcnn_c l_mpenmd_gbyagn_ndsmdcn, qhe_csnbeLtri_ to data mtcdcn
on tl_ PCl4ground station fi_r ti_ geemtion lceiir_ mt test o£ a datacyr_ nnp in t_e_ P_q

s-ystm. Seem1 block _ m'clsdmmtic_o_ac_mpute_systeud_ich uses tim soEt_are are

Avicrd_ lxdlt-in-tmt efff_tim-_ and _ _ cost

n/( umm oxp., m9

C_. u_ srm_; _mrLcmYm_tu_m_mmt_a_d_cs, Atn:m_l:_i_n, 9/sU_ mt
_t:_, Fort Vcrth, _X, Oct. 17-19, 1983. 7 p.

.M_ _ts of mtm_J_timtnmtlmef_ti__built-tn-mst (]gY) mMxum_apm__ its

fx_ndtobe highin am_t cpeattaml sysmm al_ emxs in dam c_Rlec_n ard Jntepmm_cn pmc]u_

lZ_CUl¢_ fi_rmdmt_mimvl_hmod_ammbJgh_l:l_. Itmsconelud_tl_tam_ormesm fro.
m'_ _f_cd_n_ _ to _ im abiLIW to_ t_msmms o_ misslcnessmt:_
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_ Space_utt._ l_amtrlc dam fix mtnta_bility

A/CJm Oxp., Bous_, _X)

OOtq':IB4 Federal Systems inv., Bo,.stm, Texas.

_; (amrtcmYz_tmte__csacl,_mmttcs, ¢ompm_ in__, 3_1,
Sm V_o, _, Oct. 2&-2B, 1_) Jomml _ Gzida_, ¢m_, and Vyrmies f2_ 0731-50g0), ml. 6,
Sepc.-O:t. lgB3, p. aY/-413.

_: A mvd_ of oq_dm_n md _,t of Spnm _utt_ dam _ pu_x_d. _uttle av_d_s _
pm_ca_y _ta_d by a __n pux_ss _ each _t. _ _ _ght rote _ an
o_¢ational le_, cuc_mt mfl_ds of data _=_t _ _ _y cmp]B¢, an alt_stt_ mthod
is L.tmdm_, _ng m_]art_ stflazd data, and its _pltmttom fur dam _kr_ L,_.e_atton,
_Udat_m, ad__ionpux___. Infu_timmdulma_e_tal_df_--/a_u_, and
m_, l_ouddmdinse_lev_f__. Vormehfl._t, _timmdulmcmthmbe selected

_ eatal_ at high _. _ _ tal_ a_mta_ of tl_ _ty _ _ Sl_tt._ tnfam_tim
to _ he o_t of _mfdSumtton as flight e_p_mm _.
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No.z A2 Tttlez Fault Tolerant Avionics Suite

Operations Requirenent:

Avionics systems must provide for higher reliability by providing
fault tolerance in support of manrated system availability.

levels of

Rationale:

To support onboard checkout and mission success the entire avionics suite must
be designed to provide that level of fault tolerance required to assure that

the system is available when required. This is best accomplished by assuring
the robustness of all mission critical systems, and providing fault tolerance
where it is required.

Sample Concept:

Future sy_tem_ must be designed such that systems in general can be dynamically
configured to provide for more than one function. Should an allocated

processor or sub-system fail, another processor with a lesser priority function
should be assigned to reconfigure and perform the function of the failed

processor. This forces a high degree of commonality, and distributed
processing. Integrated Fault Tolerant Avionics Suite (IFTAS) is an example of
this technique.

Te_hnolo87Requirement:

Distributed processing, layered architectures, commonality. IFTAS development.

Technolo_vReferences:

NASA/RECON:

86XI0264,
86A47442,
85N30643,

85N10711,
85A17876,
84A43946,

82A14714,

86X10263, 86N20475, 86N20472, 86N20402, 86A47511,
86A37043, 86A33194, 86A28062, 86A11452, 85X10244,
85N23337, 85N16896, 85N16752, 85Nl1610, 85Nl1590,

85A44565, 85A43489, 85A34179, 85A25108, 85A24795,

85A17344, 84K10537, 84A41699, 84A26771, 84A26768,
84A10052, 84A10001, 83N36337, 83N13819, 83A22825,
82A13490

See also E, Power
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C[]L_;
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MA_:

ISSUE 7_37l_r'_: L_SA-_-SB698tOSI.15:8869885/I_0/I_263]_G___tE GDV

P_smtatiom

LIL_I]:I_SF.,qI_; !k=k_pl',e.ld at Bo.emm, Tee., 13..-17Ve¥ 1.,c_

B.G.

K_2ES _D _

Pmoeed_ of _ Pn_mtim _ tk_L_s Infi_mt_m lbod_r_ gad_h:_. Volume2, part _ Presmtat_ns
mted_

UlqP: Net_r_ _naut_cs and Spa_ _ttm. Lyrdm B. 3d_mm Spree _mter, Ikustm, Te_. I_: E3

C21)._Sr_I_s; 'am_optm_Id_t_ous_n, _l_c.,13-17M_,lg_

M_15./AFJ]_£5/(_I¢_ VIS_q/LII:_gJLq_]_S_S_5/_ I_ti_]l_WN_ff_ _ _ _ (I_[_RT.a_'
g_ _CE_

• Lss_ _ pe_lmd eummt_n; po_sysmsemomtiuq l_mEac_ms_ om mddne
_.,=,._; _ mtel_te servich_, _s_ber _ spz'ee_; a_! _;_l.t to, cram omputl_g.

ee4 • • • • • • • ee • • oe ee • • • • • eee ee • • • • • • ee qpeoo • • • • • • • • oeee • eoe • • • • • • • eee. _oeoo • • • • * • oe • • ooeo • • • • • • oee • • ee • • • • • • • • • • • • • ee • • •

8e_CY_75_ _ I1 B_ 1733 C_C]E¢ 1_ EE:_= NAS&C_17"/W-oO_ "1.26.'1778A0__r.,.2 (Z._- NA,,_:_I32
I_q2/_0 7 _._ ,A35P_S _ g0CIN_

Spc= st:at:tmdat=s_,s_an_a=d_t_t_estu_. 'nmk2: 0ptlms_t, m..5. Vo.h.ue2: _s:lm

__.Astxu'az¢:_O_., 13mt:iretm]_nd'_, Chl.i_. _Z,.ICI:SS_. _A19/HP_It

CID= geCiK) Sl_x_s

I_B: _ ((Zl,gRZIR_)/ _ Zq_S/*CZ}_J_tStSIR4SgI_NZZ¥_0MRII_ S_4S
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AK6_ H.G.

_lm _ objecti_ o[_2is tfm_to£anJnfix_timbssetbat_Dlsuplx_ tim conduct of
trade st_es _ _ sufficient datatorakeI_ d_4__tlc _. _ imltdm: (1) the

_t of opticn categm-ies that am must likely to in£1ue_ Space Station _ta _ (SS_S)
def:Initim_ (2) the idmtiflcatim _ __ options in each eate_zy_ mfl (3) tim dmmctmtzaticn of
ttmm opt _ respect to _ attrilmtm, _nstmtnts, ecst and risk. _Is _ ommins tim options
_t f_ tim dm_ catted. _ categ_ c_dses attemti_ stn_tt_s, cmf:lgumtiom and

that can _useltode_lopdestgnsttatammslxr_totl_S_S_ts. 11_ specific
m_ms _,_,_d mm _, indudirg databasemw_gemt md distrllmtel opemt_g system; system
at-d_teetme, _ f_l.t _ _ s_-tan _autamticrgmnma_" and system in_; tim
nn'_gm_t; _ _ s_urJ.ty/lrlva_'. Also m_ are _ c_Rr_mttms _ _ at_ rm_.

ooooo e o ee eeooooooeoo • eeee eoeeeoeeoooeeo • e oe ee • eeeoee oe_ooeoe • • • oeee • • ee • oooe eo • coo oo • • • • • • Q ooeo* • • • eeoo oo • • • • eee

88_72'# _ 11 _ 1732_ 18_: Rt%_I_-177839_ 1.26:177839_ (NI_: 10_)-2808285/05/G0

579_ _ D3CLMB_

Space statim data system matysi_azdxttm_,_ sty. 'Itmk2- Opdcm _t IP,-5. Volum 1.
opttms

A17A_

Peds_1 Systems l_v., Cape _, lqa. and Zsdlo O_xatlm of _-Ics, _11yv_, (hl.iL
(_a._. _ ]_

*EI_D-1D-It_D

HIllS.* _ Fb/LT_ _ _ SPSID6/

ABA: H.G.

N_ smmd tasktnttmSmmStattmmtaS_atm(SmS),_tysi_A_chitmtumS_ __t_ an
tnfim_tim tram that vLR _ the cnrdmt of tm_ studies md _ suffictmt dats t_ ml_ 1_
dedsn/_ttc dmlslms. _ _ Idm_ff:i_ the _:_ _pdms in the _ cs_ and
dm:ac_ ttmse opttms with _ to p=,._--,_ aCtrlhf_, omstmtnts, cost, md rldu ']tm

mte_xy _ sd_rcMmt_s]s, _-_, srd _ thatc_beusstt_ _ the
t_m_tat_ _SS:Sdm_st_t_s. _h_sp_._ca_ss_-_mss_, trclud_sp_ and
toni m-lira _ and _-ltm stooge; _ int_sm; dsts _ hmd_, trr.ludtrg flight
___,_ and _mcsYfattt tnls_t ompm¢ azddtecR_s; E! _, tmltd_ data
s]_, _ high lm_.lls_s, mtsoftu_tmls. Also_____=a_ artifldal intetltgs_
aPl_Ucatims mt _ c_m_tmttcm.

_ __ut_, G. _.

a1_:._=,_,_zs_s_, e_Ted_.,Cmbdd_. Cm: (lab. f_x_Scls_.)AVA_NI_

BC/_TA4P _ _n _ Fmt_t Tolerant I_d_-tx_ Azd_t_coJCe 15 p (SI_ _ 11-0B)

..._ ulD: I_N]3_ sr._
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_: _ _ _ _, inittal_ _ attr_ti_ due to the ummNtrg tile d-_m_, the
int_ticm _ meh gr_t_: turn _t _iSht be _t_l. _ _ _1

_ t____mintmmm, ti__t tl_ttnputs and tnt_m_
_em are mtaUo_l tadt,_ge t_f_r f_memhotl'_. Infer, _mtn_ofom dmtmt_

_e _ pnx_s in a cm_t_y _ s_en. _ _ sysmE, _ mtn_ _
f_mn_ c=m-(_rn_ _.--14_H,._ a]u_vl_ _ f_ _ disuse d_ees _ (pem_i_ mode.

_! _ s_olmstboe_s.pp__reso]L,:__t (berrelojrq_ts, _ p=(_s of

_mct hit-fxr-bit _ot_ m isol_t_ f_ulty _, _ m _ s-yam_m_t _ _ l-_-lstie
suchas t__d_l_w'_ss t_s'cs. _htsmsm_c_h_ thatdata_txtmiple is

t_ _ of d_tce, tl_ sysmr_ pm¢l_ _r_ml pt_x_ _icl_ on _tch _ o_pl_ _t _s_
flt_t critics]. _tcstims _" _.

8f_7511.# IR_ 23 I_1_ 3¢_B CAIHtl_ 6 ti_: ADA I_I_R 88-H_ 86_8/_ 10 I_ _ l_t14_

tWll,: I_tgn _ttons fi_r fl_t trot c_a_t_t _r_.trmrd_t_tionsymmalg_tl_f_ avtmics

_erles Itt_r tmly_cs, Inc., _xqdge, _.; _tSwel/_tnm_es and Space /_irdstmetm.
Besem_ Oml:_'_ lkmptm_ Va.

CID: _ _; _ _br_, l_I_atlm and Oontml _, _,_g, VA, _g. 113-32, 1986. 10 p.

_ls _ _lz_ tl-e_ttunmde_o tl-eded_ofafmlt infext_mal.tnmr dete:ttm systen
al_rlu_ _o __ _ _ commcinm mt u_ _ttng t_l_ct on the a_ritm

,_ o_vl_ of t_ fl.t_t _ltt_ 1_8 al_ut4u_ t_ ptmmmt. _i_ ts fi_t I_ a lxtef
of U_mofv,_H_,_oth_al_rlU_on__md_mttm speed. _i_i_icmt

tm_m_mm tn est_tim I_,_,_ f_r the _m_ sm_m md mu_l q_mti_gsms_r hiram, _d_
¢mult_¢l fxxm tu_xcr_lmisedmt_ _t=_ _lan__t_vlnd_bl, _doom_mi. _e_
s'ca_e mt saner bias_imL_---_of tbea]g_n's_galumf:llt_anepnesmted as a
f_c_m of update fn_ps_of _he_,,_,___cammt fll_erSshl. _emmlts_fan_ dets:tim s_Un
stm_" mi ratline dem:_n _, as a f_m_im c_ m update fn_pa_, _e also txesmted.
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8r_7_2_ _SSL_ 23 I_ 3_09 0_I_3_8m_111_. ._I_,8_ _ _ 8_/00/00 10

_I_A/smq_R. F.; _,D. A.
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:IN: Gutda_, Nav_Um andGontml Qx_em_, _114._h_, VA, ._gus¢ _20, 1986, Ted_cal Pap_ (._:P47a01
23-63). lq_ck, ._rlom:T_dt,eeof_csand_ttcs, 1_, p. 3"/5-384.

H_S:

FAIlLI_

AHA: _athn¢

._S: lhLs papm poesmts a _ f_ _ fault-to]stunt fl:isht conrail.. _ objm'd_ is to define mstizds
f_x _ omt=_l,syst_c_al_eof_+ .......'.._awldemreeofatxcm._fatlu_, tmiudire sa_x,
omtml, and smct_al _. A soft_ archctt_ct_isck_scriba:lthat tntegmtm qumtttati_ amlytical

_ and batiste _ _ ox_pts fix the Fcpom of in-flJ_ht, _d-tim fault
_. _ _tmt omtmll_usma_eC_'tsyst_appma_to _,_,_, the pmhlm of

_---...,,_ldm task sd'Btu]._e andselmt_zn Into a _ of sm_. Cmtml systm p=_,-.,_ und_
smsor md omuol _dlures is d_,u_t_d using Ltmar disczete-Um de_c sdm_lac[ons of a
__r hallo0pter'sd_andcs. Itis_xr_thstt_rule-basedo_tzolthscKyca_beused to erharce

edsc_ _ ,m_asmt sys0_. _ds __o<muolsy_, d,_n alsopu_dd_ ir_m_t
f_x coqxcattaml Sl_d, s_oth t.t_a'dm _ a]godtl_c and _ads_c empmaUon, a
c_dm-_em_hm_ stm_a_d _mo_ard_a_znand_, andan _mta_

_h _a_LUty.
e*eeel • • eO oe • oe *O • I* • oeoe_eoe ee* * * * * i *eoeoeo *eoelell**l* I io • e * _* o_q_l • *_olo • eeoeeo_ _ * • * eeee_ _*_o • • ee _*o **_ i * • **• • • • I _ •

lg_ l_mfdsumtion algortti_ f_ tn_ a=hitectures using sub-tn_ _tmted fault tolma_

.q.nll:_,M. B.; IVI%U:B,V.

lye, Uni_a:dtT, t_na)

]3]Jmts Uhiv.,

S_S; 3_'_Uma]. C,._u_=._ on Pafl.t-Tolmant Systms and [llagrmtlcs, lln_, Q_hosla_kl_ Jure
L_6, Papec. 6 p. g/_JS: _ (_)/_ _ _ _ I_0_SS2C /

._S: ._ appm_ eo _tlmln u_ea_tfl.tmt_xeslmbam__ddd_ ,dun_t pmcma_ aze
a]lomt_l at tl_ _. __isca].l_ub-tze_odmt_lC-.,,_t _,_x_ (SOgr) aclis capah_ of
to]B_flre bo_ _ _ as_J.lasmult:iple_ fat]xcm. _.thlsl_a¢, tie saBr scha_ _s
e_dr_ fa_ the pa:sp_U._ of _-_-+--._]_,. SpruCe a]8odd_ are lxesmt_! f_ r,,_r_on.

Pa_t-_t and _Ll-s_ _ _ f_ _ autmatic po0o_ omtml by _bcimcy

,q/B: MS::I]B_, E.

__J_ A brldse _omtmlsctmmandtedml_. Volu_5(A86-33_II4-63). Odz_dandN_Yo_k,
Prms, 1985,p. 2739_t_.
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Pa_t-tcflB_nt aj1zaatlonsuh_hs_etobeaddsd toar_d_b.__cont¢ol__ ot_
to _ themst__tsinv_of_tymdsafetY_Ixoce_ntmL _e ps_
decz'lbes desJsn £xaatuces_ e_perlenoewith bol_ r_ 1-out-o_-2 hot stard_ sysl_ and 2-out-of-3 sym_
md_ one q_cacir_Lnaf_l.l_syndcod_r_de, lbes_tms]_ve_e_mesool_offir_.tiomasa basic
_t sys_ anda_e suir-_ f_ rcn-s_ pmoessomtml. 0pemto¢ com_cation, _tLon and
_ttm can be ca_iedoJCeith_-fzmaomtzalcx_tmlrocmvtaabJssystmand special opecactr_
_, or fzon a direct ooup_ lo_ op_achlg staclm.

ooee • • • eoe_ oooe • 9eloooeo eeeeeQeeooe • ooo ot ooooolo eee*oao eoeQ eeeo • * eoeoooooeQeoe oo oeooeooooe • • elOQOeQOOOo • • • eel • eeo • • • •

_JIH:_JI_ J. _.; _,S. H.

HAJ_

G.R.

._S: _ ixeamt _ is c:moa:z_ vith coCut_irg system, called 'ml_tem', in ddch a ]azSe nu_sr of
trod.tally _ txu:msJtg elmmts am in--ted by a stz'ucU.ce ddd_ allows _th
oo_mni_tim bet_m then. _ _tyof such system _s it_y to eq_an_aRxoach to the

of dB]._ _m ha_,em m]S_:_ns. A_ is, the_d_e, _ o_ the _ _x
addev_ f_ult _ in ],_emlti_. At_mttm is ¢i_ _o the_ f=m_xk f_ fad.t

in _ m]._, _u_t tn]m_ through _p]._eat_ and _ddr_,
fmlt-_flma_-t_amm o0_m--Hnrn fz¢ _catLon facilities, ad fault tnlmmm t_co._h diagnosis,
repels, a_d_.
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86A11ZL52_]:SSUB2 PAGB195 _ 61 RPI_: ._ ]_R 85-8322 _ 8 IP_S u_snq_ I:/I:IH_

_ _ o_ a _a_.t _ _ d_tmt_n _ alSod_hmwith Integrated avionics _ht
dam

_H_:_,.4. g.; _P. !¢; _P. R.

a_J
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_ls p_r pmsmts tl_.=_._-__rmJlmofafa_lt tnf_n-l___m:tim_ (rims)
integrated avimics sms_ fl_ht dam f_ _ I_ _ B-737 _ in a _czo_a_ L_UrE
mvimmmt. _tmt, mo_mrl_o£theFIl_alg_thnstn_tsIhm, ahxxa_tee_ctmte tim

histsdes _ statistics f_tt_fl_ightdatass_xsam_. _'ds is fnl.ls_bysn ex_smCim of
m_:ieadons rode to the deUrCtm and decistm _ncCicrs in F3_ to _ false alam and
de_t_un p=_uu_- TM. Ne_, the _ detection and f:alse ala_ _ of the _ a]g_b_ ate
amlymd by injectir_ bias failures into fnm_m sms_ outputs _r six r_peCiti._ nm of the fi_ ,dmtm
of flight data. l_ults irdieate tt_t tt_ det_tion speed, failure level est_mtion, ard false alam

_ a _:l_fl _t o_: the _y _ _Imlation _. _ _'eermt _th mr]ie:
_ts, dete=ttm speed is faster fiat fl.lt_: mm_mt _ _ as !_ than f_ fitter ir_ut

as fl:lght omtml _,_l,_,,,t,_. l_na]ly, the pmgt_s in _lir:icatior_ of fl_e _ a]gx'ltl_ des_ to
a_um_clam flight eomput_"e_cm_ts is _H_r_,_l.

eeeeeeee • • eeeee • • • _ee#eeee eeeeeeeeeee • • • _e • _eeeeee • • eeee • _ • • eeeee_eeeee • ee eeeeeeeee • eeeeeee_ • _eee ee eee • • • • • eeee •

_ I_SE 5 C_ 62 RPI%'.Rt_-_-77312_S 1.15:77012

Llr]_ Pault _t c_put_ sy_tms

_A_: _IqE_T,E.; _ H. P_r: A/ed.; Wed.

CXD_ G_ll', _ _ OF; TmmL by garret (I_) ,_dates, RsJ_xt City, Calif. Presmt_l at (hnf.
m _ State_-tt_e4rt md "lhmn_t. ,_pt-mdm frr r_/_, Patlt-Tolsmnt _ a-d
Ml_ in West Crummy, Murdch, 11-12 _ar. 1982 p 1-322 Tmml. into _ frm

B_hr_:system, GI Pacht_g" I%nich, v. 54, 11-12 t4_r. Le82 p 1-322

AB: M.G.

A_ _-ttm t-eg_ l.-esmtst at _ ua_,,._ on tile slats of _ _'t a_d ttm_ml _._a_._ fix"
self_, fimlt-_t _ _I __ inWest_ _ _. T_e

fa_lt-tnletmt _ em_mts, self dt_rmis srd _lng, fia_mtim of =xlels axl stmlatlm,
s:ftmre, atrhit_ett_, a_l fatlt-tnlemnt mltim,put_r _'tms.

• • • • • • • • • • • • • • • • • oee # • • • • • ee eee • ee • • • • • • • • • • • • ee ee • eeeoee • • • • • • • • eeoe ee coo ee • • • eeoc eee • • • • • • • • • • • • • • • • • • • • ee • • • • • • • ee

_ Stat_ thiv._l_tl_t,

_. A_zll:Univ. Mic_ O_ _b. IMI_I

CEM _ SX_IES

_ of fmltd_inar_fcti_mlticc,_A,_._Isczr_mda stmt,_ f,,,-
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8_I@3337_l_g131_21_r_l_621el_: I_9.-ggH6322L-_'w_I_SI.I.5:863228N04/0027P_ES_

_ssmm_t of SI1_ o_tattrg s_ _

._1/_ A/PAUN_, D. I.; B/I_R. V.

al_: N_tla.al_rsutles andSp_maZ]Slnlstmtlm._ _smmah Orator,Eim_tm,Va. AVAIi,.NI:I]_

SAP: _ .glB/HF,_20.

alI_:A/_I_ E.; B/KI/I_,V. ]3.;C_J.

H_P:_EA25¢__I InitsSmm Shuttl_Te:h.O_r_.,It. 1 p 64-_5(S_ NHS-16S_08-12)

am. _ Smllm



ur_ A _ s_-tezdes_ _zch to_cs

.._LrIH:_,G. V.; _M.

m_ W(ek=dam _niams, Inc.,Ar1_to_ V_)

CORP:Naval Elec_rdc _ Q:mm_, _l_izir_m, D.C,. AVA_.NI_

C_O: L_C_D Sn_ES

MIN_:/_'E:L_ _ _ AIDED _ _ AIDED t_.lF._ COS_ _ F_LT

ItS.F.

•_S: _ a d_nos_cs cspabil/ty/rrtoday's_s[xn _ r_ulresa md_j_._d co_b_a_ionof _,

_, andp_.ml. _ _ _o_ thism_li_y isf_:8o_t_ _ a _ of_ff_nt
omuities (e.g., mst_, tm_tng, ttm_ _, l_3.icat_n _t_). _ msu_t is n_t_d in
field, _ tie tedr6eian _ bern _ a myriad of tools _'d dooJmmtatim, _t_tch is _,
md oftm omtnaicmp,, lt_emmltis_mpMzti, msmda_m_eof_arddoLlam. _ Imic

f_- this _e defiei_.y is the lack of an _t_at_i design apptm_ to _ th_ c_mi_ty
_i t_ _ml_tltty to tmnmt_n __1. _t_ to _ _ a_qu_t_m, l_nt _mnt
ofD_f_'eea_lU.S. Irdus_ _ m sot_ _his ix-chlm am dlsamsl.

5_. S:,_K_l_nl:a_m:l_mv_h_:. Art:L_clal__In_p257-273 (_N85-1.1592(_-63)

CID:. UNEI_ _

MINS:l._q_lU _ SEE_ l_YAm_Yr_

,_en: (_,)

am_dm_ t_ ml_ _ _:hm_l_m_am_ _ of _ best _m_
pmcttt_cs in the fie._. 1_eL=_pecd===_==t_the_offzd.luce _1 _ d_,
tmditioral mthods of msud_ s_tm _t_, mliazLU_, a_d __ _ in cm-mta i=mrt_t
msm, e.g., _ntm_[ttmt £ailurm. _nc_/.Imof _ehtmm_cpmh]m.e_Ivlrgpmcemis pmsmmd

_i_h a cmputat:imal _. A sy_Ix_.bnss:l _ di_xstlc sys"t_*) is In_ wi_ its eer_ ald
._,1 results in f_tlt IIellctlon.
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_ Pa,lt tnle_mtem_utirg__S': l_l_,IJ_l. LqD-_Am.

_Bm: _, D. K.

U[lqP:CSk]a_ UMv., Boahest_,Mich. CSS: (Sdzmlof I_gins_i_.)AVAILNIIS

SAP: HC ,_Z4_ _Ol

C_D:.UN_H) Sr_ES

SINS:_ _r_m11_v _ _ _ _ l_]R _ OXES

ArtS:_ this zqxx_Irg period,_ mslntWlcs wmm invmdSst_l" (1)[_gn of fzulZ mlmnt cmpXem

us_ mM-oxly nmndm asbssiclmt/dtrglxl=_; (DDas_nof__lelcslcam_s and smumtial
fnc __, taxi (3) _ of f_lt mle_t uulH_ retvxk acchincmms. Some ttr_lm

of 0_ msulUrg pspecs am: Sslumdal m_xk dm_ ustrg e_a inputs for fault de_cdm; A class of
mldln_r.loml error co_t:Irg _; A uulfxxm mpmsmmdm of peommdcn m_m_s _ tn rummy
IXOCmsor__ons; and A fault _t counrdcadon a_:hi_:tx=e ST dlst_bur_d sysr_s.

*o***** * * oe** coo * • * ****** • * e o 0.* oo* * * * • • *eee**eoeoe* * • • **o* • oo**** * * * e********** * ****e****** * **** ********* * * *********

8Sq:lff/_*# ISSE i _ I06 _ 62 _'lqk* NPA_-qM-863__S 1.15"8630_ 8t_'09/(D _ ReGiS _ _llql_Ir

ur_ Ommmlmt1_s pm_xls f_r a fm_It _le_mt, in.Stated local ares _ for _ Stadm alq_mdms

,_rl_l:_, B. D.

03KP:Ns_ _zomutlcs and Space_Inirdstmtim. _ Besmm_ Orate, Hs_ptm,Va. AVAK.NlXS

SAP. I_ _4_ ,q91

(_). 5NrlIDS_ES

Am_ axthor

_ _ gmm_h of _Slm,_Sm'd_na_l l_hed_smsct[v_I/mm_]xmt_lm_eq_ct_l Ix) zequ_ a
of m_m_l,:kx___of_dam, wzl_mxlvMm _mmuimd_m. Ya

addition,fm,lt tnlm_mt mmxk _dm is .mmm_ to pmts:t cmmxlmt=tom bet_m_ _rlUmi

atmct_cl to tha net _ m _ the valuable h.=m _sam_s _ Spree Statim of d_-lm-ds_ dam syslm
nq_br tasks. _n _, kca_a_tsb_g_Mdchvl._s_ = a _ for
_dr_ m"_da_e aJso_'_'m .m'd. ted'mJqd_ ix" a :fa_t _t, Jnteilmted mWodc.

of a setofml£s_lxo_colsdd¢h_,_.-.-d.-=H,.lm_ret _semmdal to cbtnln

I I I i i II IIII }I I l I ii i IIIiiiii I I I IIIIIIII I lie IIIIIIIIII I I I I I I I I I I IIIII I III I I I I III IIIIIII I I I I I II *e_*** B * Bee • * III III III Ill



IS_, p. 591--6_.

._: I1_ pmblm of _ amlytic_0. _tectim s-y_m_, using _ti_ _v_, is _ in this
psp_. _tim _ cm be _ to _ mlti-tnput, mlti-output symam and are related to
the exmimtim of ti_ _ _m_" _zur ,_:tm: _hich c_rl_ tl_ mmm_ _tim m _
_. _ _mchle_t_itl__htshlysmsiti,_f_.h_dem:tim_, _btaini_ a

mt_ under a cm-min %_,_ wlm, it is nmmm_ to _ m acmptshl_ mtchirg b_t_m the _ mdel
md the _ pmm_t_m. It is _ h_e that pmp_ly dmtg_ ad_pti_ _._ are able to d_tect
abrupt dm_ in the _m (actmt_r, _ failures, etc.)vith ade_te m_l.tahility. _nditims fir
_,_:_,_ for ti_adspti,__a]g_iU_areebtaimt. Good tm:kirgp_,-._vithm_11 ohs_
output errata, c_fled with a_ate and fast l_m_ter idmtif:icstim in both detemir_tic and stochastic
msm, is d_tntr_.

• oeeeeeeee • oooo _e_eo • • • eoe_oo_ • _e_oo • • • • • eeeeee ooooe_ oo eo • • oo_eeeoooe • ooo_e_oo • • • eo eo • ee • • • e_ _e_eeo • oee ee _oeo • •

_ ISKE 21 P/_g 3157 _ 60 83/113_0 12 P/_S _ rrr_r

Amhitectu_ _ptt_T_tim of _ emput_g

_m_A.; _v. v. s.

mA: A/(Nati_l ._m-mtical h_,xat_y, _, n-_la); B/_ _stitute of Scieme, m,gahxe, India)

ClD: IliA, _ I_-mctims m _ _ (DlS-93a3), ,_l. C-32, Oct. 1983, p. 91/-922.

•_S: S_].l:meous emmId_atim of bo_h __ md _].tahi_ty imum _ls tmlx_mt in tt_ d_ce of em_ut_
mx_hit_ctt_ f_r mmd.-ti_m am'csps_ appl._ca_. Clrmof tim z_ummmlm £z_rsuch a f_t-t_lm_mt cmgat_

n_c_smm _ a_ az_hi_e_. In_hi.spsp_, aooM:dnatlx'Ja]._de].isusedrnr the evm]t_tD_n of the
ImU_t_n _ m_e of a _,_,h_o_ n_ka_l _ _ sy_m such as a modular
m]._ sysma. N_'_,amthodls_t_em]mte_eco_mml.lahi_yofsucha systm

aml.%sld3.1_ygn_hm_e.land _elmm_Ionm_ut:Immte. PJml.ly, thi.s _dm__y
nmsxe, _ch slmlta-,mously _bo_,.-,_rdml:iabi_ty, Is_asaoomualm in an
ardd_ecUre q_dmim_m _ f_c such cm[m_i_ sysu_.

_eeeooeo oeeeeoe • • • eeeee_eo • eo oee •, • • eeeeeeeoeoeo_oeoo • s • • • ee_e_ eeeoe_eee * • • ,_e • eoQ eeoe* eoe ,,• _ • • •, e_ o_ee_, • oos ee_eo eoo

_ _m,:t_mbl_ f:mlt-tnkm_ pm:ms_ mt,_ _m_him:_

,_h A/PP4II_, D. K.

I__II_IH)SE_IIE3;I]_ETmmacttamon_ (IS_0018-93/_),_].. C,-34, l_r 1.q_, p. k34-_7.

/*_mmmP,_ (_,_mms)/ *_mm_mmm,*mmm_cmPumm,,mmmmxmmxmsmc,/,_a_T _mwu_/
(crummy)
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._S: A_ofno_lf_ult-t_l_mmtmul_mt_u_ksispmpos_. _semt_te_aremstnrtt_hleinthat
tt_ _ _ diffract l_eal amf:lSumtio_ to suit d_em_t _ _l_n_ts. _ _tly,
this mstm:turirge_mhilityismtalt_le_a_r tt__c_fmlt_. _semt_samr_ltn
t_t th_ _ _ _ _ frauds, _ _J_-m_ of mss_s, dyrmic

to be tm'titto_ _lth f_m].t-tnl_m_. _t is t_x_mt _ _ f_t-t_ae_t fmu_s is tint they am
_.ltoin asm_l_rtoftl_dmt_srdnotasdomtmditiomlly,_ofmtntm_. Also, the
_xt_ _ _st vt_h r_et t_ _ll _g_ o_grmt _ in that __ _ mmin
mlati_ly tnt_t in spite of the c,a_,,,_ of a fmlt. _,ti_ rm_xk is not rely free fi_ strg_
point _i.lmm, but am _ fix" gm_ d_htim - m t_nt _tion in a_r f_ult-_t

ur_ __ltability _ f_ f_u].t-tnlmmt _

/_IH:A/WggI, S.

m_ A/_ U_t_y, mSshi_ J_m)

C_. .MI_! ]_BTza_ctions cn_ty C£S_(XllB-9529), vol. R-33, Oct. 1.c84, p. 268-271.

H1NS:_ HIIF/SIF_K_ _ _SiHZS

hiM: _utix¢

8fi_2.4795_ ISSJB 10 I_B 1347 _ 18 _ 4 I_flBS_ _

um_ _ mm f,x mum_ _n _£Utazy sm_

._I_A/I_A'_, I). D.; _,R. R.

fll_. Jet l'L-qxflsimIab., __st. ofTe:h., l'asflmm; AtzRz_SlmmTea_o]zgyQmter, girt]aft b_B,
N. Smdco.

_ sr.¢_s; ._¢ospece _mctca (]:S_ 0740-722X), ml. 23, Feb. L¢85, p. 74-77.



sateUltes will Inaxpmam m mmr_mms mdunlmcy andmintewne nmeg_ent _ in an a_bm_
computer, _d3e the s_ma_J.U_l.12be_bject to__gcma_ls fix _ttmctms dmnd_g
deq_ ar_yms. A1e_5mtanVvIJ2reed256kbmmty, lO__tiledatastnn_andS0trlx_t-md

_ 20 kg. Systms _ bepecJ_c_ca_y_d_and__than _ m the dam bsse.
Uevamt_s detected _ result in a _ and mtrdant exa_Utm by t_ ____, x_ch em
initiate _t:im c_mmTztsuntil c[_rattcr_], criteria are rot. _he _t of the expm-t system to the
lxxtnt that _ satisfy military spmif:icatia_s is ezpected to take 10 yr.

8f_A17876_ISSIE 6 P._ 686 _ 4 I_N:: ATM191:_ 8_27U8 8_/(D/U0 5 I:_l_ _ DOCIJ4_

UI_ Av-lor_cs _ design fi_ testat_ty

_m_ _t_ _. L.; e/w_ s. u

]N: DiStal Avk,xlcsSystmsOmfem,m, 6th,]Mlt/mm, 14),_ 3-6,1984,_ (,_5-178_ 06-01).
NM_ Yolk,_ex-lcm _I/tute of .e_xrafdcsard i_tmmmzdcs, 1984,p. 4c_8-_.

_1S: /*AV3_I_ _ IDJI2M_ _SIS/ *FARII_ _gl2_S/*FRLT _ / _ *_J.T_qrtYly
m_EEH3U

Hl_: /_t_ _ _ (I_2S _)/ (I3Sr _ _ _ _
_ I_T_T_.Tr_ _ SELF_SIS/_ I_UIFEER_

T.K.

,a_S: DEsign sUmtegies to_the_testahi_tyo£__a__inthel_ht of the
cr_irg tm-d _ _ d_gnms a_ integmtim m e3ectm_c_. _ _otnes in fa_t
dete_t_m w_l i_o3atim e_e cev_e_; the tim _tad_m o£ na_e_ _ _£_t test v_t_m am
_'d_cated; end the need frr _nteg_t_t-]_vel c_nt_t_us or _em__ _.-_-_e_t_lg fi3_ the
cmgr_ts of the1990s_Ed. _o_l_te_tst_t_,_a_c_-_o_ cn-dd_
_.._-tests, modL_]e-testextol, _t_st emtm]2e_, anda _mJ.t-41a_gm_t _ is _::mnmded.

• • • • • • • • • • • * • • • • • • eo • • • • • • • • • a a eee • 4_oa • • • • • • • • o_ • • • oeo • eoe • • • • eo • • • • oea • ooe • • • • • _o ea • ee • • • • • ae_ • • • D • • • ee • • _o • • • • • * • • •

Pmtt-tnlexmt _ - _ El exa_de_

FAJ5: _ (O:Mgdl_S)/_ IESII_ _ b'_Sl_SI]I_IIB/*F_I.T_

NE: _Lq__tsatr_EhLs_of_,lt-tn_m_mtcz_K. _l'd_s_b/asum_ofa_tt_l_a_
t_ faxlto_tde_iSn, m_h_i_rglt_elasiemr_ept_e_loj_din the design of tinem system,

end tim _ m-d _l_t_x_s ava_dahle t_ tim _ designer in attm_ptl_ to met agpa_catiom
mq_cmmts. Classes of fattt-tnlenn_ _pl_t_ns ere kimt_f_, alms _tth des_ _ _ axe

• _oe e _ • • • 4_ • • • • • • • • • • • • • • • • • • • o_ e,o • oe • • D * • • * • • • • • • • _o oo_oe • _o • e,_oo eo • • • • • • • • oe • • oeo •, • • • • • e q_ • o • • • • • ooo, oo a_ • • i • ae oao eo_
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8e3(537 (H:DGD)(NI%: _llI_t: _CII_: 137T_Nat_oral_ardSpzsAa, dzdstmttm.
.JmesBasear_ (I_tn¢, Mof:f_t Field, Calif. Ca]ifzzzda Sta_e Univ., l_emo.

Des:Ignof f_l.t-tol_lt _ using _,_2,2,_-_ m_Lt_ _ _ i, 1983/ _ 31,IcJB4

'IM: A/LI_,R. S. A/233-14

8_1699 ]3_1B 20 B_I_ 2936C_]_[1_ (_ Ct_lh _ _ 84/07/(_ 6 _ _ QXII_

N2E:A_I_E,V. 1L; _,N. A.

B_ tv(soutiz_tm, ti-d_ecsity, Sou_, l_l_l); s/_tTOomult=ts, I.=l., _tehfle]d, B_ts.,

cm: UNmDK_Un_; _._,eartS-_zd_it_Z_CZS_0_43-706Z),_. 127, pt.
E,._yZ_,p. rig-n4. _= Sdm:ezd__(bumil.

FARII_

and of mtchi_ tlmdaminfl_ Itlsl_tlmte_cts_d_mqulmatless_(3t+l) dmmels f_
T-filRt-ln1_ce, h_t _t m ex_mlcnl solnti(_withcnly(2t+ i) _ ale fmmslble_ assumptions
are =zle ddd_enmecmistmtdata_n tbefazlt-fme_. Ibe_zd tbeefficiez:ies of
l:¢'e,dms alg:_tl'm ace m,,,,,_,=,a :In the _ of _ ml.iab_ t:m:gets, azl the mleumoe of 'md.id_'
f:m.d.ts mi tmmc:t:l_eu'sdsm_=e_ted. ___areintmtx:edddch ate
pm:t=]ad,ysuited= =V=q=,=:,=:¢appU=eom.

I_ A/(l_t_11e_ I_mrles, O_, OS); W(F.4A, _ztuical Om_:er,AtlanticCity,RD

Ll_sr_

IN= _l_ttal k_iuztcs S_ms C=,T,==,_, 5_ S=ttle, _, 0_td_r 31-_=ber 3, L_, Pmmedlr_ (_S_A:_t
11-06). Nw Y(zk, Irst_O.tte of Els:tri(xl azi ElectmtLcs _gimem, 1983, p. 16.1.1-16.1.8.



ctlgit_ _, and (3) data _lidity, prior to use in _t ¢mpumticn and after omvesim
of digitaZ data. 0rice a fruit is dete:ted, systm nmove7 rest take place to amine ttm cmttmed p==_=.-.-

the fm:Cion(s) af_t_dbythe_t. _e=thodsumdmeontmtthesyst_ _o_¢y tedraq_ am
d_m_mt upon the systm's ahfl.tty to isolate the detEctKi fimlt to the lo_st lx_ssihle lev_. 1he sysmn
_ove7 t_Lrdqum am also _t uponthe syst_archit_tt_. Pault isolation and system
t_d_qu_ m_km kn_l_ of the syst_ stat_ _t_: and its history in s_histicated sy_t_.

• • *e*eo*** oo* ****** e**o*o*o* ****o*o**o*o *** **** **oo*e*o* *eo**oo* e* •• ******o*o**oo****o***oo oo *oo • *e*** **

84A_'7_ IZSUE11 l:_E 1.q_6C_IlZ_ 6 _ 7 P._ES_ _

Testirg IEIE on I_g 757/767 _n a sdmlat_t ogcational envtmmmt

_/]IH:_J_._ H. F.; _,D. P.

BY= W(]_e_., Seattle, _)

CID: tZql3_ srg]_

:IN: DigitalAvionicsSystes _, 5th,Seattle,_ 0ctd_¢ 31_ 3, 1983, Pmcmdlrss (,_-26"_
11-06)._ Yodc_Instituteof ElectricalandElecumlcs Englme:s,1983,p. 15.4.1-15.4.7.

l#JS: _ (IlqII(I/ _ lESr__I]KrAslM[I2g3[_*H2I;ffrGlqlI(_ _ _ *b'3Sll_S

_B_ _uth_

_I_: To _ '_, data that _ val.idaticn of the sy_t_-le_ op_ation of 757/767 Flight
g_ogmmt 9j_t_ (_6) hfllt-in te_t equig_mt (IEIE), a s_ies of gvard tests _e cmt_tefl _h _haflat_i
atzlfla_ fl_ght and fa_t ¢niit.to=. lhme t=sts pin.at qualJmti_ supp_ f_r estahliddrg SI_
emiihfl.tty, and _ ex_er_ prior m _ s_viee in--tim. _ indications _ oorm.hted

vith the ood_t effects, si_]ated f_lt conditions, and s_flatim ].i_itatia_ m clet:_¢_i_ prq_
_tim and utility of indications, l_mtt_ eith_ indicate! _ ol_atim or _t_ r_fl_d.

]N]Jg 2:1 I_E31Ot__Q_: I_H:T_-78-189181_H:_1t-2169684KBA_ 14 _

_: _VRT]_]_KS,_; B/gl_,Y, J. P. J.

CID: _ srAIES; O_putmr (3_I001_91_62), _l. 17, _. Le@_, p. 67-_0. l_chmppo_ed bF l_t_
Mmzz-JaZ_st:tmm andFA_.

• S= I_ ad_mt_m a_l]-_[l_ttor_o_de_l_di_sity, ana(_mm_n_kich__dm_m_ee.l_mm that

ace m be used fstm].tipleo0mpfmtiomammt_but mthecazei,=£=_.'...t_y des_Fed to =set a

the t_= of f_Zts in =uZti_ ==pu_ticm am Idmt_:t_. _ m,,,_slt_ in nu.t_ _x:m_mt:i_'w :is
__ as a=ed'_eUmlmt:Im_lam:l_m-_tsm.d d,,epom_-._ advmm_o£_ d:l.ve_Lty.

._ _ ef:furt mcletamiret_e__,9o_adagti_B-R_lmtflarucbrdm_m _ fi_].t



mle:m:e _s0£'m_de_Ign_,_ts_, m:L d_e_mlnsul_amXze_ted, _ t_ee

• oeoe*o • • • i oo • • ee • i • • • ot.ooo • • • • • • • • • • • • • • • • • • • ore • 00o** • • • • • • ** *oeooo* • • • • • • .e _ • *o* • • e-* • • • • • • .0. • • • • • • • • • • • • **.0 • • • •

_I_EIPK_B4Q_IKII_611_I_: AIAAPAIERB3-2AOg(NI_:II_H_-83-K-KS_B3XII/(D91_S_

l:lesisnof a Emlt-tolet_t net,,cck qpezaClrgs',jstm basedon mst_ atadc acttcrs

_JI_A/LI_,P.. O.; ]_2J, • T.

W((tdo State tldva:_, Co]udxB, (lq)

CI_, _ S_m_S

]N: Coml_t:e_ in _ _, 4th, tt_cfx_, Cr, Octob_ 24-26, L_3, (_J!ct:ion of Tedxflm].
(.M_-103_ 01-59). Ni_ Yo_ _m_-l_n Ix_tltu_of _xxn_dcs and ._tm-_tJ.cs, 1.q_3, p. 3t_3t_.

_A: ._ttxx.

ABS: 1_ concept of ushlg rest_atx_ulcactlonsasa_fi'cdesigrdrga_ distzil:utedsys1_ is

gdrd_g m_aand_acceptnr_. Va_icmdad_tssuesina_t-tml_m_cpemt_gs3_mbasedm
t_ _11 undeZ aceh_est3_t_i. Ac_]3. LsaYm_t-t_hcm_tsec_r_%:h_ts theooneept _ nest_
atomic act:Jots. Nasl_ atomicact:ionsa_ a _t_on of_a conputa.t::Iminto a t:z_lJ_ st_uctt_ such
t_at eachtz_e]m_, azbml_ee, andthednletmepmsec_theatmicpmUsh___ ]a_ect¢l
agpmch and _u_i_ st_ctud_, a f_ult-tohcant mtv_. ope_t_ s_stm l_sed m the oe_s is _t_l.
Various aes_ issues in rmir¢, ¢o=ud_st_,, _t_, fzt_t m]=c=_e, security, oo,_sim, and
acmunth-¢ aze also d_:L 'll-e L:z'otxx_ _mcmm is divJd_ h_m tt=ee _: :Ln_
cmmadm_tm, _ _, asds_'v_],_a_s. _'e__x_ofms_amM.cacCtms and mTJab]e
virttulmddms m _ in t_ _. _.imtLens om be dem.lOped m t_p oE it.

• * * e**o * ,* * • • * * • 04. * * (* 0* • $ * e, e* o* e* 1, • • * • • q** *o ooo • • * • • • • ,* * * e* e* * $**0 • q* • • • • • • **ee • • • * • • * ** * ,0 e*ee ,**e * • * * • * * * e* * * • * * • * * * * * • * * * 4, *o * •-

urx_ _ in _ c_..=-=_=, 4th, _-tf_, or, O_td_ 24-26, :L_, _ of 1_l=tml

_ Ycd_,

_ SYSID_ I_¥ *_tqFB_l_

_d_ O.C.



Pault tolera_, m.l.tab_ty and testability fro"dts_buted systms

_te_l_t, Sep. 1981-0et. 1982

_IB: A/BB_, I_.; _, M.; C/KIH, IC H.

(XI_."_ Inc.,Ires_/m, (Xllf. AV_

CID" _ SrgIl_,Gdffi_ _B, N.Y.

_ (_)

_S: A grmdrgnmd edsts _r _ fmulttolmmnve,vzliddllty,and t_ty in distributedsystem _hlch

mPP_ era,rod,emml and _ca_ and In_ (OK) actlvltles._I_ _je_ti_ of this_ is
to lxo_ldea fxxrflation f_r ti_ deve.lqmmt o_ dmisnmmst_s adguidPltx_ f_: the_ o_ _t tohcant
sysmus, ql_xx_tes o_ fauh _ ard _ systms am _, ard typical Air _ C]Z nmds
in both fault tolmmt arddistzihx_comput_systm_a_e_tmimL l_tdfl].ity ard avat]ddlity

for tm typical _nSput_ syste_ ts n_ed Lna o_mtstmt fixmt, and th_ data am anlyzed fzom
tl_ _tt_ of a distributed systm us_. P_dcm vonk on the identification o_ _ddms in distributed
systms and design nmtxxis for__tsdiscuss_, geytsst_ tn the design of fa_t tolerant
_ted systers are idmtlf/ed. Paxlt location tedrdq.m f_: specific computer omf:igumt.ions fxxrd in
CK apt_..1_t::kx's are dnm_'Ibed indeta_. ']Yest/n_:Lsacxmt.mn..d_ef:fxx't, and a coq:cd'B_ design
_th:xlolc_ rill I_ _ bas,M upm ti'_ mt.e-ial m",m_ted in this r_x't:.

•. •.... ***. ** *. ** * * ** • * ee* ** * ** * * * * • • * ** * * * * * ** • * e* * * * *. ***e * * ** ,* ,*** * * * *., ee ,* * • * * * * * * * * • * * * * * * *. * * * * * * * * * * * *e * * • * * * * * * **

Vmtgn and emlmtton of a faKt-ta]B_t maH nrc,_,_ ucL_ _ _ blocks

QD: LNEI]DSr_

A_J N.G.

A[_ A £_tt_t-tnl_ mul_vlU_a_rem_rymed_dsnls_, qhe_ med_d.qn is
bssed on the _ _bl_kddchisa_be_eequi_o_es_em _ hick. 2he

mx_7 blxkls_miby_ru_sm_e-sme_aCtmsardse_alsmte-sa_ units in
ew_ pmmm_ taxi mnwmvdde. M_ma fmlt ts detmmi, tt_ mlt_v..Jffi_,_ _ itself to _]ace
d-_ fmlty cmpmmtm-dtl-_th___totl_c-_ab, cmtxnmt re_mts tome of

saved smt_s in cx'd_ to msum fmd.t-_ _ A md-,madml m_ is _ m m_tdara
both t:l'm_ofmult/..at:_mllbm_m:m,,_,"ya'd tl-er'i_mmm"t:. Al, rRmum_e,,nlmClm:In tm:m
_ rod,,,em,:xLdm t:l_ Is aL_ pmsmted.
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ur_ _ _im_lemted fmlt tolem_/sIFr/a_mach to f_lt tolemt ocmpm:_g

__ J.

_(s_ _tema'd_ _p._t_r Seier_ tab_at_y, _ Park,CA)
V _

CII_P: SZI Intewatioral Ocrp., gmlo Pazk, (]_l.tL

CID:. _ srAI_

z_ Bml-ttm sigma _ ZV; PmamSr_ of t_ _tJrg, Sm m_, _ _ 2s-m, Lqm. (_
cs-_) _ wA,_iz - _tt Intemttmal society f=: optical srgime-_, 1._, p. 2B_-2_.

C.R.

AI_. _ is an _m_dmmml _ _ f_r _ _ _l_-emtml m_lo_ in _ air
tz_. It:c_ _ In_ _o_nt_ d _,=_,_ th_]a_ _ in f'_,,_t-tc_

_ fzz tt_Ria_timdi_sd_s_tsmmast_t_Zlm_s_stmrmt as the dm_
itselL _tm SIFt dmi_ ts dezzil_, as is tim x_, tn ,_zieh tim dmdgn md its val.tdatim _m _ _ _
mcgiz_ents of its Inta_ alpp_-_t_on. Attmt_m is also _:[_ to z_iab_ and fmflt t_fl_. _]_
m_st signi£:tc_t f_tum of the _ dest_ is the absence of elemts ttmt can &_ne_te mltiple e,,Its,

such asaha_fleloe_databu_s. Itismtedti_atflm_isma]imdtnonlyB0Oliresofccx_, of
ahi_h_ am Ina h_h-lm_l

_14714_ IZStS4 P_Q_5920_I_' 61 _ 10ll_ES_ _

I_u_t _emJremrlm_ ma_-_mdmm.l_mmt

In:

9hh_ 1. (_2-1_676 04-O1) _ York, InstiRrm of l_ctrlc_ and _e:tmnics llStre_ , Inc., 1.qgl, p.
_93.

AB_ C.IL

#ram _th tlm__tlmthmmbem-,m,_nem_mr_,m_rl_mt_rmr_hmmc_
with _,__, Ja_lp-l_,, and re]JabOt. It is emm-ded t_t them __ cm be _ ml_!
at _'m _ md _mCml_tmclc_--_t ar_rmctu_ _ _ m __,Z,_-_H_I. cmc_ _ F_l.t

O_(I_. 'I1mlmme.].of ti'ml_£_camLsts_a_i:__--,.,;._, _atyl_Sulmbl_ f_c

eo e_ec1_tm_ of t_ cz-_t_ml, tmmim.
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No. A3 Title: Autonomous GN&C

Operatlons Requirement:

Eliminate vehicle dependence on GN&C GSE for test and checkout.

Rationale:

Onboard BIT/BITE and Vehicle Health Monitoring System (VHMS)
eliminate�simplify�speed-up ground operations.

for GN&C can

Sanple Concept:

Boeing 757/767 or advanced military aircraft computerized electronics providing
self-test and fault identification vlth fault-tolerant computers. Ability to
replace circuit boards without system shutdown. Easy accessibility. See A1,
A2.

Technology RequireAent:

Further development of BIT/BITE and VHMS.

Teehnolo_ References:

NASA/RECON:

87N16551, 87N11735, 87A33249, 87A32117, 87A19603, 86X75348,
86K10299, 86A28490, 85X74761, 85X73876, 85N22229, 85A45971,
85A41019, 85A39562, 85A24795, 84X77582, 84X72233, 84XI0357,

84N72750, 84N24603, 84N12237, 84K10744p 84K10153, 84A43401,
84A40143, 84A29544, 84A29543, 84A26701, 84A16526, 84Al1999,
83Al1175
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8_# ISlE 8 l_ I092C_ 63 l_.._D-At742_O _ 129 _ _ _

t_ _n Inm_tlcn to_clal InmlI_ and itspoten_ usein spaces_

NJIB.A/_, C_ W.

(IRP:Navall_te S_, _m_, Calif.

_. Avail: NI_S_/MF_31

CID. L_Sr_

*L_3EOD_

MII_'I AKR:_._ _ _ _ _ _ _ _ (_)I _._£E

AEdU

._S" _ _ of ._rd.f:tclalrn_ (AI) is _ulx_na _ of it _, :l.t__c_

_, mgsat_ visim and l_tte_n rzczg_ltim, and m_oties _t autaz_m _ahie.l_.

space bus c_p:nmts, n_s_cn sys_n c_pm_, g_und n_ f_um_:m, and _ _. It is
tat AI, insiteofit_i_atuwlty_sasc[er_e,_lll_mt_a_eial_t of futm_

spacesylphs.

87NIITlS*#ISSUE3 PR_ 336C_HII_ 61 84/00/_ 11P_SS _ _

ur_ A nm]Are_ p_:_-_E mti_ f_"sy_ de_n _i_ resultsflat have hem _mt_

,_'m-A/II_I_ F.

sAP: Avail: NnSm_22/MF_I21_nI_ Iar_l_1_d_Omt_1_mt_tnlatlCldtseipl.tn_
and 0pt:kdmticn, Part I, 11 p (_ lq_7-11T17 _8-C_)

LNnID sr_I_

_.J.F.

mlt_-_p_, mltl-ow_ emtml systm d_ :Ism_=_,_& NK_ _d:leat_m relative m
whide at_t _ s_e _uttle smt:l.c tnlm,:e, tml_t _ erl_/a tn the des_ _ a remuy
wtflcle cmtml syst_ a_d mterJe_ __md lift m]$1_ cemp:nmts sized toa _ _ef_t a_tp

noll_do
ooooo • • • • • • • • • • _o • • • _,o # • • • • • • • • • • • ooooo (Do #oooo oe • • • • • eo • • o eq_ • _6e, o • eo • _ • • • • • e#e _ oo _ oo • oo# ooo • • • • • #o#oo • • oa • • • • • • • eooo

.4dal_'_ ,mtl+ols _m" mri+t:t'mt_ dm::tsn --

A/GtI'_ _ 14.; _, ClII..IR.IP+_ W(._+la_ tl'_"mm_, ,,_d,amm, Ctm_); ]_'(Potm'mmt_
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M_]S,*

AB: C.D.

87A3ZL1.7ISSU_ 13 E_E X)_4 _ 63 87/(_/(D 6 PK_S _ l_J4_

MINS:/AIR _ _ _ ,_A1KP4Fr/_SE_IDS _ I_IK_%_II_tL_ _

H.S.K.

s_ms
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C_. U4EI_ _.gI_; Rmmagch spmmmd by 1_ Park Rtd_, R3, _ _cat_a_, 1986, _ p.

K.K.

AeS: ._f:ictal tn_ (_) Pa_ pcoJectsfix the .,,,,_-_a and eff_c_t cl_aUm of the Sp_ceStatUre _e
_. _ bocke_alc_st_m_taJ_mmdt_-bm__,_thermu_tsc_cmmpt design
stud_ to detem_ _ A_ _ties, details demmtmtians that cau]d hzflcate the _ of
these ._._1_, anddmel_ m _D p_m ]mdir_ to such_o_ciom. _rt_cu_ attmt_en _ _i_n to
m_lmpm_Um and n/_ot_cs, smsam, expert s_sm, _, plm_g, and _ interf_e.

D,

C_. U_D SDm_

8_K1C299 (}¢d-O_) (1_: _ Ill_: 7 CD1_79

CII_: _7(T_8 _--1A Nattmal ,_mautics and _ _thn. _ Remm:h _t_, Cle_laxt, Chio.
I'mtt mt _ttr_, _m_'t, _st _alm _, 1_

uz'_ _d_er q_cie C_tn_mZnt_atian _ _sel_fl_ht cmtn_es_nstud__-
_4_ 5, 1S_ / _4_ 4, 1._

• e _,'Ba_Mm_B. Am-1

,_ ,V_, _. C. _ A/_, _r.., _rlmt DiVe, lkl_, _')

L_5, p. 13_7-1._.

L_; _ of the mttmal _ _1 _:tmxics G_,r.....'_., nsytm,
_blum 2 (_6-_8396 12,-_). t,_ va:_ I.-mimte _l_trk:al ml _,_.u'm_ eiWim_,

9,7

L





AI_ G.L.C,.

._s; 'OE onty_,_=_-_,] am]_tedao_ of artifidat in_ is _t of exert s_s, _ _tch col_t
_ _a0w_nat-_nabout the _lution of dif_t_lt pt_t]_ in a _11_ and _11_b_1

and axe then capei_ of,_l_tddrgexpertl_ma__inf:ind_gsolu_ons ton__. _ intends to
_m_i_te the app].tcation of this _ to m-_mt and omtmt xttmtiom in a sp_e station
e_lrum_t, _r4f'lmlly _ I:_:_, heat, c_mJnicat_tcns,and attitude c__tml, _ _ _ of the
hunm ,.-_,-it is ]abodous, _epet_Ct_, and e_ntue].l.y _-pa_.

• e • • eee • ee e*eoOapooqpooleoeeeoeooo oeooooeeee4ooeooooeeoooooooe eJee e4eoeeeooooeoeeeeeeooooooeeeeeoooeeoooeeee • oeeo4, ooooo •

85M5971# ]35U1_22 I_ 3232 _ 9 I_F_. b._A P_R 85-1.91.1._/_/I13 5 [:_ _ _

ALr]]]:_ J. g.

p_ _/(__u _nt_mtionat c_., c__, _)

C_. tlbll:_S_ll_S-._%(_'_,tkv"_timardO:nt__, a',o_m_,(l),,_. :Ig-ZI., 1_. 5p.

N3A,:

N3S: At_ min_ p_des a flJght _ mtntera_e c_ility f_ f_lt det_c[on and f_ult Lg_lactcn. A

_ty is pt_rld_ for squ_km_at_dtest_gc_aLLuel_21_hl,_thit (U_. _ tests
operation of d_LRJar_the_tof_nt_'r_2stothatL_J. _F_nta-_'_S_.m_cntah_a self
test ca_M].ity. _ _t.h'ttaa_ Ccz_tl'_ as:] _ _ _) is the o_n_ _dnte-_r_e computer
_eated in tile equip_t I_r. l_e _ _n_ buttons to initiat_ tests and _ to _ quesCicr_and
c_mim a d:ksp_ eft:[clot f_ c_a_dcatir_ _t_d _ _ _. In G_t_ht, cnly f_ults

to c_mtealrJ-ightDeckEff_tat'e_ gachof thefLight _l:_:_lde f_Jlt re_a_:h_g
¢m_ _t _l_.u_,. _ _ _tn_ a._a _ _ _ via _c ;429. a_.

N_ S.H.

_S_ _ _Li_tims _ thefl_ht _tmls_-tm_cpticzl. d_ab_, _, _1 _ ale
_:1. _ of ¢pt:i.c_ dat_ bus _ _ light optical _ t_hno]_ (N.OFI_, l_._g, _,-lZ_

L_)-c_[c dam _ _ on the _SID-_)is _ to _ and im __ls_ics axe
st:nm_. _ and _m_t_s of _t:lcn] _ta] _,,_,_ are at, m_4,
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_ IS_JE 18 _ 2_5 C_m_ff 8 85/08/00 10 1_3_ _ DOOJ4_

Ul_ _ _ssfle autqxLiotcles_ us_ a _-.,--1+_,_ sirgj_ opt_t _n_l t_Jrdque

_./UN,C.--F.; a/L_ S. P. _ _(_ _., _ttle, II_)1 _/OAttm _,_Jes, _ _, CA)

Sr_ES; (Gtd_ and Q_n_-ol Qz_mmr_e, Smtr.]e, W_ _ 20-22, _84, Technical. Papecs, p.
12/+-1.32) Joun_ of Guidm:e, _trol, a_i Dymnics _ 073l-._90), w_. 8, _. Lc85, p. x_8-._07.
_cit_linLssJe21, p. 2_8, Ac_s_mno. N_-_L_I4.

ALE_A/BVA'qS,D. D.; _,P.. It.

GIL_: Jet PmpllsimLab., __. _11_., Pamdan.; Aic FrameSpa_Temhmlq_Om_, Ktzda-d ._q3,
N. Ml_ieo.

C_. _ SE,etlES;,aemmq:ece_memlca(ISSq07_O-722_),_:fl.23, Feb. 1985, p. 7477.

AI_ M.S.K.
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8415r223_ _ 4R_£_: ,_t4K)7ff_0_ FID-]D(BS)T-0935-_ 83/U8/31 207 I:_G_ __ USG[_/K_k_ES

UnL:

(n_:

c_.

MA_.

U.S.S.R.TmmL into_ fr_ m_. "Nm,i_tya _t_Mmi_ iOptimimrsiyaUpmv]mlya" _s_,, 1978

p 1-12

(X]SP:

SAP:

_,E. A.

NaticmlAmx_mtlcs and Spsce_ministmtim, Wsddrgtcn,D.C.

limitedby_In__B_m'_hCmter._dvan, in_Sa'dStnrt, f_SpmeTmmpm_tionSystemp

1-14(Sinm4-m356 0s46)

tl_ZIDsrm_

A.R.H.

8_1727X_ _ 4 _: PBB4-116_41APOwBI-I81/07A30164_ _ _

_ _vd_g sy_m um_. _m

cs_ (om_ c_azlarla__z md rams.)amLans
I01



NINS: /A_ _ _ SUFTCI_ _ F.kqb_4gl_ __33Ilq/ S3_ULE_

• • eeo ee *** • ee* ** • • • • • ******e • • **e* oooe* • • *eoe ****eo* • ** • *eee* *** **** • • • • *** ******e • * *** ***** • • • ** **** ** • * • • * • ** ******

_ 15P_2265_121_lt: ._..A_I'-3331_q-_._A14Lq69_348_; In
_ard_ _ D_Um_

O3L_:

SAP:.

CID:

I_]S:

,_lbl:

O_tsrce andOj_l Tedrdqumfnc_ SpaceVeh_cks

c_p f_ _ _ and_t, _mi_ur-sei_ (_m_). AVA_m_S

F_/q_; 9ymp. L-_klinFq_,xe_, 27-30_ep. Lq83

ve_te.le_. _l.1.itav/ q_Icat_m of Sl_Ce fx_ rev_atim, emmrdcat_n axi _n_ _e
_ts on _ec _ty, od_tt cretin], axt p_tnclrg actual,. _ it the n_tmumts

f_- _ -_,ffi_'_ft the pe_mnnmceof _ cmpcnmts, suchas actuatc_ taxi s_mc_, is tspmm_ or r_
cvnc_ts _uce_. Inpnrticular the use _ mic_mcessc_ and od_ data distcibuticn system pemits
m_t_Er_ticm_ meof various se_xsor infzmmt_nsctw_s to pn:xtJceef:f_'d_, sut_w/x]e_stens at ]_
cost. _msirg _ ccmput_g c_p_ty emhles u_e use of scp_t_cated _ fnc ef_ct_e conplex
__t ccn_zu]..A u'dq_ aspect of _ __ is tl_ cmtm_ of the sm_m_ cmf:igumticn in
on_o adde_ a spe_flc Ix_incing _. _ sa_tu_, vlth tlelr mm'-mlcat t_ty, pn_mt
im_icu_r [xc/dms to the control _ m_i ccntml/strucuxe tntm_cticn (CSD is a driving _ in m_,
curm_ lxvgm_ m-,if:igumt__l_._nthepspecspcesmted. Foctrdiv/dualcttles, see _ u_cu_h

_112237_ ]I_LE 3 _ 345 _ 2D 83/12/(D 6 tB_S _ _

_ attitude cmtml ard _

NJ_: _, IL

Nathn_ ,aevmmtics and SLmCe._bflnlstmtim. _]daxd Space _ Cmt_, (kem/_t, _1. AVAIL.N_

SAP: I_ _ _ Inl_S_ _l_m_-ch(_terInteg_t_iF]p,h_Tech_., L_3p 93-98 (._m. N84-12228

AB_ ILG.

.,_: _ df_t an att_l_ cretin1, by ml.ttpl_ _ (used fur _ smm_) is __,,_,_,_-11__o,
• * *ooo* oo* • • eo • *e* e*o ,*o • • • • q** * • oo* • • • * * • **_* • * • o,* • • * • • • * * • • coo * • •eoo • • • * 0, * • e* o o t* 4, * **oo • • • • • • • e*o * 4,* * o o * * • • • * * ,0 • o,e* * * • • oooe*



Wccl-_) _ I_1-17L_3 IXtqlt: 0_11fi2220CIDIt: 1013339_tiom].._m-_rdc_ end _ ._b_._ctat:im.
Lmg_ Be_t-ch Omt_, _tm, 'Ca. Tectma, Inc., _'lm, C_J_.

Hight enz_ fltght emtmt sTstm_ stamof-t_mlc_ _ _ _ 2_, Lq83 / _ 30, Lq85

_" A/_Z_R, C. R. A/472

_ and Cmt_ _,,_-_, _eattl_, g_, _ _-22, 1984, Tec_c_ I_

_; _ _msoL_d by the _ Y._cimte of ._at_ and _tzu_Gcs. t_ Ym_k,

._-Lcm Institute of ._vc_u_ics a_ci_s_t.ics, L_134,78_p. F_" _ivb_m_ items see _ to
_3486.

O.C.

._mrgthe _ mdcmtml,tcC_H___,_,ffia_z____mv_tim, _ ocl_taZ
p_ _, _ _tcattcr_o_rt_en_stm_h_, __ _ in hm_g
m_llm, _ust missile mtcC_tcim_ theSpm___tm_teP/m _ _msoc, tm-tmm_

detmttmard £.mlattm _nasTstmvtth_artahleplant _i=_, t_omt_of_s_pt vlrg
_ttms darted by flight __e _nmaettcm, _ nasttta_ S_m a_eattcm to
_es_,, atztxxm gr_ty _-._,t with m _ sy_m, _ epttml emtml, mluttms
m_.tc_le tomiss_tdmm, _rd__tlmgutdm_ fnt'_irgmt_t_.._lsoccmtdmd_ret_

c_ a emtmt _ fxffi"e_ecttm stats, _c_ _ stzuctut_ emtml.ld_ty Impromptu,
mltimrl _ _cm_, _ _d _ c_tecttm, tctmt cvmp_mtcr _ by
est:l_t_n, d:igit_ t_A_ht_xieeontn:_sy_m_ f_highpe_:_m_xc_:vltht_tGht_ omtm_

anuvl _ • fledhle

Aircm_ ad.._-_w_fZ cmtml -- Bmstm b_k

,o/J_ A/P/_C_, B. N.

CID: U.ES/L; Fi_cw, Izdatel'st_Nm_a(E N. ___dy. Vogue2), lgB3,328p. Inltmla_
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AB_

1tn _zrcl edition c_a_znofesm_mtar_clmmei_cmftmi__ntx_lWo_ of
of the _ozlet sp_ce _ is pm_mtet. Atm_ticn is gila to _rmml technic_ _ of
emtmL system, _ attitude _mtml, emtmZ of __ _hrlrg _mt_, eod _mtmZ

atm_t and __t__'t_so _omte_oica_tnd__aro_atiefl.t_ht emtml
s_s_m_, flight _ata ma-_mmt system on board aircm_ mt _, mt the al_l_ca_m of dam

_ to _o_,,_ _-_ms in s_m are abo _ _.

_ ISS.IE12 P_Z 1fi_C2RHII_ 8 I_I_. S_ PAP_ 83148683/C0/_5 191_S_ 111114_

grn_ m_e flight ecntml __ c_.l_t

A/R21_, P.. IL 1W_ A/(tr_, Vrlght-Pattezsm._'S, 0E)

(_30: sr_; _N: _fluiclpo_rmicmtz_sysmm; _c_tl_ccspam Ccre_m taxi
l_:mitim, _rg _ _ Oc_ 3-6, I_3 (._-29Y_ 12-_). _, l_ Society of _emoti_
1_lnmm, _c._ Lq_, p. /,3-67.

HllqS: /_ AIR _ _ (_JIl_)/_ _ I_A _ _

AI_ C.R.

O_

_s: A iztef ov_v_ of aagtag _ght c0ntm_ _ is pastured _ch _ m_t_cal flight ,_,_,_,..,,_:,
digital fltght cmm_l., axi tnt_ated _ sy_t_. _ f:iM_te_-to_pLlot of the fim_, by

mL,g amzgtng d_aanm in tact:LcaZ fl._ht m_,_, ¢L_ !_ al_ m opemm at ntsht in _ _the_
cmdittom. Hevt_ fly mi m_ec at 1c_ al.titudm to _ survi_le lxmtmtim _ _t _
lb _LL_ mvl_m _, az_vl_g m t_m at _ slazd_ _ms, _! _ I_ al_ m _ ndtzmt_l ma
_zl-6m t_ to alma-am tm_emofhtOmrprioritT. In__ digital cretin1, it is
lam_tal thatt_ _t of tl_almlm _nd_tal_d_ts_ll_ t_allo¢_ I_ emtml

s_stm cL-_.lq_ m_s_a s_tm _metmm that_ offa_I_II_111t_Jnm__ metlcals_'tm
ob_t_ _ _ t_xz,_mn_ in sys_m per_amm:e, ¢e_i_t_ mt _t_.

ur_ _4_ht omtml systm _ on tim_-11xcgcm

C2_

_laiaar
104



crater/ms of fly-t,/-v_ardan_nttmaldm_gn_. _;,tm_mv_ofcmtm].tnemhaxts is
fail-<_pemttanl, _tl-s_, _ with siml_y cpmattrg ,_-axtcal cmtml. _ flight emtml
systm is dmcrthed, and _lected flight az] gtmnd test e_mrlenms ad mmltmt dme/qzmt activity am
distainS, l_mts _ mix'din of force fight in _ vtuh .ttltilfle acmamm, reirttm of
hm'tzvntal stahi/Jasr (x:ntml _, el:lmimtim of pitch csntmlYstm_ttm_l mode_, z_k_t/m in

redder 1cad cscillatims, iammm in the ope_tioml reliability of tim flap/slat systeb el.imitation of
the msc_tibiltty of tile a_mtation systen to electriml _ mmsi_ts, and other items.

84A26"KRISSJE11 P_ I.q}4C_IIKII_6 83/ID/_ 7_6PRIES_ _

l_igit_ Avicrctcs System _, 5th, Seattle, _ October 31_ 3, 1983, Ptxxmettrgs

CID: sTxIEs; _ spmsx_ by theImtltut_of EhrtricalandEl_umics _ ard a,rlcm

Instinxteof _mun_tics andAstrcre_cs. New Y_rk,InsCribeof ElectricalandElec_cs l_ginsm_,1983,

7_6p.

MIN_:

G.lt

._8: _ st_bj_:ts _ are rz%ated to fmttlt to]at-ant _imics, avierries suflx_ system, _ t_
fmmrd_tal _-_:_ms, u-_._,t techrdq_ fxm:mftw_'_ _t _ msint_ee, _tem simula_on f_:
effmttm_ss eralm_m, flight _ with digital flight cmtml sysmm, _ avimies _'ystems,
avlmtes er V/SI_ and to_, avd cvmmx_ _ systms. _cts of cpemtia_ at_,x_t digital
avlmlcs am _ ahrg wi_ V,_Eal_I/cati_rsard _, integratedU_ _ tamimls,

integratedmp _, m-t,z=i m-_mrmg a_d avp_rt,smmr axl s@ml _, r_ _vrc,pts
mSmttrg _tal flight cmtml system, data Ires _ ard applimtims,- avtmics flight softm_,

avtatim avtmtcs, tnts_atst systms, an i,m_tst cr_ stattm, and _ m_: symms. Attmtim
is gi_m to the dtgi,-m avtmics m_utim, _ts a-d _ with mspmt to dtgiml avtmics
_.'-._, d_tta_ av_,ies d,stm _ m_virg r_, (=mm:tal _ aimS, mt the d_tat
M_,:m_t ft_m a pilot's pevsp_ti_. Far Irdlvldml item see A84-26"_ to _84-_6

• • • • • • • • • • • • • ee# eoo• • • • • • • • o_oeo • • (, • • • • • • • • • • • ee o# • 004)• • I • • • • • • • • oeo • oe • • • • • • • • ee _eo _ • • • • eeo • • • • • • • _e • el, • • • • • • • #_ e_ •

84AIK526ISlE 5 P_E _3__ 1 _ 1565P_E$ _ _OJH_E

urIL:_ 1988; _ of themtimal. _ and l_cm:rdcs _, IM_tm, _, l%r 17-19, 1.q83.
Volmms 1 & 2

l'rlce_f t_vmlums, SD._0

t_m stores; _ __theYastitut_dmmtrl,-_ adgl_ttmies_ir,_m, Itek exp.,
Sctm_ exp., etal. _v_o_ Imtimte_glmtrlmla, lKls:ttmi_tm_, 1983, ml. 1,

7_8p.; _l. 2,817p.

"-" N_,: B.J.

'R_es d_msst
_stib_ty;, t'_oties; _atr_msymms;nmr/mttm_; cmtmlsmd_; galmm
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eLlt_-_ a.d s_t__pU_t_r_; _atp__t__ etdx_e_e_e_L_ and
ta_et_ appUcat_m _ e.tnmtie _t m_tt_n/ao_t_; t_lnt_, tn_ld_, end
smbi]izattm; _ m_ md Rm cmtml _ _ _ and mltild_
arlmics _stem; and dtgital system. _ttmisalsogi,_mtomtntemm truisms, _ and
elm_ sms_ stmlatim; s_r,m_ .-,_,,_.t and mgtnmt_ _; _ system
mm]Fais; _klmd a_=_,,_t! ewimm_ml tnte_ctia_; physio]_c_/metical in_; AFII/F-16
flight _t sJmT; integrated omtmi; trying _tlJ.ties; md tRight _.,=,t. F_ t.divia_
itms see A84-16527 to ,_/Y+-lf_,

* * • • • eo _o • • • • • • • ! • • • • • • • • _Q • • QQetQ _sts • • • _Q • Q_QeQOeS I • • • • ee • • ee _e ee • • • • • • • _#e • • • • • • _e • eee • • • • • • • • • • e • e • • * * • • • • • • • • •

_ and _q:l_1.1._cb:_of _d_q_ _mm:d. - A

._rm: A/.A.._, K. J. _ _(tmt _,_"dtute o£ 're:truly, ttrd, _dm)

OD:. Si_K_; ._tomt_ca _000_11_8), _xfl.. 19, Sept. 1983, p. 47_-486. _p: $_ f_Teicntsk

,etltJ_

NE: _ in _ _d a_J.(sttms of ad_t_'_ _:ntml is t'eviemt, l:Sf:f_em_ _,,_..., are dJsoJs_ _th
_+t:i.cu._ _mmae.t _aa_pti, ms',]s_aramt.'_-tt,:ingt",mg_tom. 're,:Im.t_ m_- m,..ty'z:tng

cretin1 l_s _m also be obmtr_ f_m s'tod_ttc c_r,.trol tt'_. Lssms of _ f_ _al.tcstJms are
_. _ _ l_tamtert=tJm, ttrdrg, _rd traddrg, as _1 as _t _ of us_rg _pti_
cmmal. _no_v_pl_eat.t_isgi_m. _dsJw.ltd_f_ssJMlttysmd_as_asptxxlmtst_dm

• • • • • • • e#o • • • * • • • o,t (.o • • at • eeeeee • • • • • • e, et o qt#e eo • • • • • e_ooeeo coo • • • • • • • • eeoe • _, (* • • • • • • eo • eoqt • • • • • • eee • ooo • • • • • • • • • eeee ee • •

84A11175_SE 1 _ 13 _ 8 82KD_ 12 I_ES _ _E

_ _: i,temlq1982; __tlsei_t:lm_._uqzemtEleett'_es_
_, _ 18-20, 1982. _ 2. (_3-1EB3 _I-Ol)N_ Y(xk,Ins_U_e of _ and E_rUu_cs _tr_em,
Inc., L_,p. 780-791.

AeS: Int_ex:ated a_:m£X (n',:m]. _ end issues _ emirnd a-d Ix_nt::ial _4_,._ to :Lnt_t:ated
a_'f:xa__ ccnm__aze_. _.,d,.,n cmt:mlan:hite:nnmd thenmur:ln d_:Lch
it _ atrem_ cmtml, r,_,_,_ts_a'vm. ,__m=_vmtmlm_smts_l _
shieh-dllhslp _mt fim.te,d.sstm nsqutmm_ at'e _.._'_usm:lnt_tt',,urtahle cas:ml mettz_ stx:has
_c_ cretin1 _d___id_awusd_f_ hm_mmtcmtml _=spumttms _t_
dm_Ibel. _ted emtml sy_tm archlt_qxt_ am __ _ the ttflt_rlehle_ntml
_, theIteardm_Cm.m eus t'_, and the_m_ _ t_krdmt _:tmtn_Smsx

eoo• • • • • • oee • • • • • i • • • ee qto • • • • • • • eooeo • • • • • • • • • 41 e_te • • *to • • • • • • • • • • • oeeeoqpoo • • • el • • eeee • ooo • • • • • • • • • Iooo q_eoo • • • • • • • • • o41 •
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_: _, $33.; n_,_ffi_, $43

C_.

_E - _ Y.nte_rn_onalSocietyf_¢Op_l.call_ginver_-g(_E Pmcedln_. Voh_ 512),19_, 152 p. Fo_
Indlvidmlitem seeA_>-15_ toAS&-15399.

N3_ G.R.

ABS. Fiber optic oomponmts are _, tddrg into m_nt a _eviee of _-._-%p_.__ _lot_ to optic_ fiber,
a _ of fiber optic cable tedm]O_, aspire of fiber _ teslt_, fib_ optic splices, a criti_l

of fiber optlccomect_, a_d £i_ opticccm_caticn _ _ devices. _ts
o3z_rdng fiber opticsystemsam alsodisoJsm_, giv_ at_ to c_tvelecRmic isstmsin fiber c_tic
commlcatlms, digital _ optic systms,_ mal_g fiber_pticsystem, _be_ optlc _ arm
_, _d _ dlvislmmttlpledrg.

• ***0 • • ** oo • • • • *e • *** •. ,,. o. • • **.eeee.o....** • • • **e eoeee ***e ooeeooo • • oo*oo*o coo. • • • o**** • ** * • • * *** **o • • ** • • • • ** • • • • e**

85M(b'76_IJE I P_ 20C_]_I_ 35_ 279P_S _ _

_r_ced in,mind see_ tedmk_; _ of _ _ting, _, 9_me:Lmd, _ IB,19,1983

_Lr_:MB_S_N, J.

A/(_rdete_ de_catiws, Paris, _m_e)

l_q_:A/K).

SAP" _s, _6.; _, $42

G.R.

_S_

amlmdm photvdlcdm f_ ]rag m_.Imgth optlc_cammlcatlm use, _ Hg']_ (1.3 mlczm - 1.55 micro)

_h]at:k_ spe=tx_sccw w11:!1diode lase_ fit cpt:ical _lxy _ica_lcm, m-d a _ of h_aL'ed smsc¢
_ _cathns and tbmml _ s_em. ,_e_ts related m foal p_e

am aZso _, glvlng a_ m _scU_ _ _ p_ arrays f_r _g_rg sp_t_mm_
_icathns, am_krdm'_Dh_:m_er_dthaplath_sfl_:_Sd_tt_ben-l_, _nSb hzhared

vim S41Dm_but, a'dthelnlzt_mlp]am_m_systmdm_n. _Mcs related m
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_l _u,._ sa_zs _ the applicatlmd_ _ _ in clvi.l.lm _ a-e
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84X7_ _ 74 _ _Mi_]9'_/D-_(X)610 m_D..33-_--2 m_f1[_-83-28I¢_._-2 (I_: H_79-_
8SA_ 270 PJ_E_;_I_ US (z__I_ --.I

t/m: _ epics _ _ group _ (_V_ ('Irstimte fxr _ _ce of the
of Vda-ee t:_.iahm_ andmin'mtmbt.Uvy) study), p_ 2

']la':Plml. I_pxl:,Jul.. 1982-.,_g. 1983

,NJI_A/(t,ISI_ A. S.,.,t; K,,'g,e0g,R. .S.

Y.r,m:_tutee,-,-_ .,_.]._es, Alemmdda, Va.

css: (Scis_ a-d _ inv.)

CXD:. _ SF_IXES

ee ee • • eee ee • • • • • • eee • • • * • eoeee • • • • • • eeeveee ee • • • • • • eeeee eo • • • • • • • • • • • eeee • • • • • • • • eo ee e_e • • • • • • ee ee • oe • • • • • • • • • • • • • • • •

8_ _ 74 _: _Rg_-_83-73(_: FL___ERIL 4_19 _ 80

l_ttltlpkmpvsef_ opticU_rscsi_: (I_ _ _L_: I_ TechnicalI_

(X1_:_i_ze(_xp.,Bsif_ Hess.

_I_ I g/N_I_I_BI_[XI_/I]I;_I_L(X_ _ I_LTCRr_II_I DI_ I I_ S_ KX_/
(I_ p-T-_ _.At_J_,,AZ_.__ _X_

• • ee • • • • • • • • • • • • • • • • • • • • • • • ee • • • • • • ee# ee ee • • • • • • • ee ee #eeeee • ee • • • • eee eee eoe • • • • • • • • eeee • • • • • • • • • • • • ee • • • • ee • • • • • • • • • •

8_1473(S_) _ N_S-57Z_ 071Z_7_

C_. iO_9370_Y>_0-_B_>6Z-_INa_kml_z_muticssrd_klm_dsUatlm. I_1_msz_hOmtez, CL_,

(lflo.b/(_Sl:Jvhn(_tMiv., else, (lflo.

um_ oigi_'_ _p_t_ _ teergm_-Chm_,,,,_tLdee_a,d tn_ _
OC_[_ 1, IS8_ I FBBCI_ 14,

eeeeeeeeee • • • • • • eeeeeeeee • • eoeeeeeee • eee • • eeeeeeeeo eeeee • • • • ee • • • eoeeoeeeeeeee • • s • eeoeeeeeeee • • • • • • eeeeeeeeeeee • • eeee _
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High speed _ optic dam bus fee _ data emmrdcat:Icr_

SH:_(RIED. R.; B_P. R.; C/C/IE_, J. '&

_ _(IlT, m' Elee_cal Prcxt.ets _v., R:,enoke, VA)

CID: SYKES; IN: _ '82- _ _cat/ons Omf_ence, Miami,Fro,_ _ 2,
1982, Oa.5_- Reu_d. Volum 3 (R34_26401Ii-32).N_ Ycrk_Ins_tuteof EIectrlcaland Electronics

l_g_u-m_, Lq62, p. 956-983.

MINS:/ IlqFAB&_ _ S_5I]_E/llq_R _ Ig._ _ _:q_L _.I21_G

_: 0_r the pest deemte _ w_me of data cn_d.led _ _, military, and sden_f:ie data bases has
incrms_ r_ m:m:ts _. _'ds Jn:zmm has lind m _e _t of m _ fiat ecm_cal._

mu].__ _lnwedivisionmul_ple_ldatabu_. 'l_l:q__a_OFl:v'sf:il_q_cd_l:al:u_ _
f_ e_r_t_E 16 r.cnxdmlss_pm_t:_dbyup_21m_. _e_s_aslmr_ofa_ Da_a Bese
Vzmgem_Z Sysmn furarchiv_Eand re_de_g of satellitedam.

• • • • e*oe • ee • • • • e**o*o • ***o • • • • • eee*aeoeo ee*eo • • • • • • • a*oeeo • *e* • • • • • eaaaa *** • a** • • • ** eee ** • *e ** .*e * • • • • ea • ee *oo • • • • **e

8_6663# C_Ht_ 3_ RFI'_: H38:1._ 81/CE/_ 223 _S _ _ _

_ emm.rd.cat::i._. _tat:Ic_ fz'un _ Y.n:5:mmt::Lon_-'vi._ f_ the pl_al.cs _rd _ emm.rd.t::1._
dam_

_L_: Prcgre_Rep_% J_n. 1975-Jan. 1981

0_: Nmtloml TedrdcalInfrm_tlon5a_lee,_, Va. AVAIL_

_:_.(D_._

CID" Lt4l:I_ SF_I_

_ in p_-t by ne_m mr.b_ ._m:_

.._ _qS: / _ _ (I1qIl_L/_ Iq_tUIE_lVIl_i _

An_ mmur (_)

k_ V_mshevebemfixnim_n_d. modelmimtnaf:it_-<_p_csystmus:___. Ime_'_
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is mt_ed by dtfl-_-l_, _! _ attmtim is gi_ _o fiber _Oms. _ _drdqms, in _tim
with _tn_mdzatim, _Lzodumdao_metvldeh_m_gfil_-opticl/_ktl_t is_ll_ _

_ diel_trle _ is dietatst by eIeetriml noise, rind fax o_lete isolaflm,
_-_emtims, _a_t f_videl_d_fltl_ _optical txms_ltt_hssa_lumof _) ee,

m its tn_sm]. _tu_es. _ input se_Ovity is a f_ mi._.ts into 50 d_s, sys_m risettm in 0.8
m, _ o_c_;I.sgreal_¢t)-al3OOB. __Ll_)l)o_l_m__, _ltilCpJRh

fit_ _ v_T mk_ __ at _S dlstm_s.
• • eeeQooe • • • ee • oooe • • oo eeo oo I leeo eo • • o_ • • • e_ee • • _e_o • • • • eooo _e_e • • • ee_ee eo • oo_ • • _e_vooo_o+ • • eeo_eo_e_o • • oo o_ • •

NJIB: A/Offl_, F,.

CID: _ l(::I1,11_

G.R..

ammmofattadmmt_:am_of_tbe_dti'e_t. _uch(x_mr_ts are
u_l as ba_l.ngs f_ the boaster rodet mmm d the Space a_uttle, l_ lalx_t(_3, t_tirg of _'mg

_-to.._t_l. bonds are _, t_lag into aI_mt tle _ _ mtl_ds a-C, ddch are
mst in tndm_ frcc_elq_tardc_._dttyc:mU'd.. __cattmo_lx_ f_ure _ is

_t attmttm is gt,_m to _ clizecttsslon test, tt_ _ test, sd _ ome t_st. _ f_clz_

bond stnagth ale tn_sttSat_, tak:_ into amount the eff_t of the mta_, the eff_t o£ the
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Ho: A4 Title: No Hardvlre to Vehicle; Minimal Launch Control
Interface; No Ground Power

Operations Requireaent:

Minimize hardvlre connections to vehicle to simplify vehicle erection and pad
connection sequence. Also, drastically reduce quantity of control and data

functions from LCC to pad. Eliminate requirement for ground power.

Rationale:

All systems must be dramatically reduced or simplified to achieve required cost

reduction. O&M of vehicle hard connects is costly and labor intensive.

Sample Concept:

Vehicle electrlcal power is self-contained via high density power cells.

Essential ground control functions are relayed to the vehicle via RF, infrared,
or equivalent non-hard-connect and related GSE to vehicle. Vehicle connects

limited to propellants, holddown mechanism, and electrical ground.

Technology Requirement:

Remote RF and infrared control techniques are in existence. No technology
breakthrough required except development of high-denslty energy cells (see E).

Technology References:

NASA/REC0N: 86A15396, 85AI0576, 84X74058, 84X73435, 84Kl1473

84A26450, 82N76663, 82N12314, 82A28585

See also E.
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No.: A5 Title: Softvare Commonality

Operational Requirement:

The vehicle should utilize the same softvare for ground operations
integration as for flight.

test and

Rationale:

Current STS ground operations is accomplished vith several different programs
depending on the stage of testing. This results in many hours of vasted time
in reloading the main computer memory. For example the final prelaunch load
requires 14 clock-hours to accomplish.

Sample Concept:

The Avionics should be designed as a distributed system vlth one or more
speed buses providing communications betveen subsystems as required.

high

Each subsystem should have the capability of autonomous ground operations by
commanding the system into standalone mode. In this mode all required external
stimuli vould be simulated by the subsystem in sufficient manner to verify it's

proper operation. This vould alloy each subsystem to be tested independently
of the operational state of the other systems. When all ground testing and

vehicle integration is complete each subsystem vould be commanded to the flight
mode vithout additional computer reloading.

Technolog 7 Requirement:

Distributed architecture.

Technolo_,y References:

IUS softvare.
aP

V
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No.= E Title: Eliminate Requirement for Ground Power

Operational Requirelent:

Ideal Innovation: Vehicle systems that operate without requirement for ground

power connection at any time during checkout or launch operations. This
directly implies an onboard power source capable of providing sufficient power
for ground OhM, T&C/O, and launch operations without connection to facilities
or GSE.

Further, provide a low maintenance state-of-the-art energy storage source. If

energy source requires LOX, it should use propellant-grade 02.

Rationale=

Vehicle "Power-Up" is one continually repetitive "BIG DEAL". Each power-up at

the 0PF, VAB, or Pad requires a "daisy chain" of scheduling, extensive command,
control, and communication between the orbiter location and LCC, and dozens of

people manning consoles and computers. The requirement for ground power also
requires complex GSE, sensitive umbilical connections and, usually, towers with
swlngarms. These all require extensive checkout time and personnel (engineers,
technicians, mechanics, inspectors, and clerks) to support.

It is very highly desirable for individual vehicle sysytems to have local,
autonomous test and C/O capability independent of vehicle master power status.

Ideally, vehicle power would always be available and each system could use, or
be isolated from, power at local discretion.

Requirement for special high-grade 02 for fuel cells creates additional
logistics, GSE, personnel, and timeline needs creating an "invisible tentpole"
far in excess of the 5-to-i commodity price differential for the modest 2443

lb. orbiter system capacity.

Salple Concept:

High density energy storage systems, such as regenerative fuel cells or
sodium/sulphur batteries to provide adequate on-board power for ground O&M,
T&C/O. Fuel cells should be capable of using propellant-grade O_ Circa May

1988 fuel cell grade 02 cost 4.8 times more than propellant grade'iS264/ton vs.
$55/ton).

Technology Requirement¼

Admittedly, a "gee-whiz" power system (not yet available) is a great need.
Accelerated development of energy storage systems is needed with emphasis on
fuel cells and consideration/development of sodium/sulphur batteries. This
criterion, with 59 tech references, is no doubt one of the most severe.

TechnologTReferenees:

NASA/RECON (abstacts attached):
87X70518, 87N22801, 87N19811, 87N19809, 87N17397, 87N16453,
87N14860, 87N12998, 87A33793, 87A33790, 87A33787, 87A33778,
87A15901, 87A14170, 86X73564, 86X73563, 86X72121, 86X71138,

86X70734, 86N28331, 86N28329, 86N27586, 86N23047, 86N17886,
86N16734, 86N16495, 86N14764, 86C12215, 86B10483, 86B10277,
86A37201, 86A36369, 86A24845, 85X76813, 85X72247, 85N71096,
85N33588, 85N31372, 85N16292, 85N13880, 85N13850, 85A45422,

85A33144, 85A26700, 85A26501, 85A12599, 84X75772, 84N31535,
84N12246, 84N10493, 84A30956, 84A30107, 84A30103, 83N14683,

81N22305, 81K10462, 80A20128, 75N24837

DIALOG (abstract attached): 1384056
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l_:l_Url_u_m_us_ttEzy_remf_?w?alsim

t_HH: _, H.; _, tb; _, A.; _ R.

O3

8_228_# IESE 16 _ 21_0C_ 20 R_D: _1_8_9 AFE/GSY_P/8_-I 86/11KD 71 _ _ _II_E

ur_ _tion of _xx_t _mzl, OLOm(_.le, .,_,-_;,_,_n_c _,_b:_ f=r htSh, lXOS_ poa¢ reds in
spree.

_..._: M.S. 'll"eds

_: _ ao_w.

0_1_': _ _ Y_,_. _, l_I_ht-Pa_ _, OLdo.

in _ve_Om_a_ _W). _mmm_tisa_clm_o_ml_D_w_mUzmtr_ m c_m
¢_1_ disk _ mta si_g_ __ mlauid call _lm disk dmm_ acre m a u_ms_ d_l_mr, md
tnmml _ commmct irdvzl mz_:i_y. _meofasoZtdfmlmf_gmtndmt_n _ m_cr is
?mpcmd f_r trcnmzi _ antv_ivi_y mi _ cpzaCion c_ u'm _m_cr. _ cmse_i_
_, a _s_za_r dml_ c_hl_ o_ l_g azrlet m am or t_ sl_m s_ttl_ lamdm _ _ _
mctmmi .ms of 24,4.q_g mi _tzl lx_ar output of _. _m nmiral cpEa_ton tim
nz_dddmnt i 1.1.5 mm_; _ nmrletim opzatim tim is _tlm of the _ tiz_t.

d_i_ m_mzls lXmmt nat/mr mi solar _/1 Iz_r _'_m_ _ iz_r oa_put per ur_t ram.

_39 OLD:. v.-_-_og-ar,-3886/0o/oo15

l'zn_hic f_l czUs

_ IX C.; B/HKEBR_, P. E.; _ 11. E.! i_3.AOR, T. ik; _ D. V.; F/Ilia,, J.;
_T. E.; B_q:rN,_L A.; _B. IL; _R. J. +_

_mne _Laxl L_b.,
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Avail: _¢ISBC K#/tf _1

KajS:

l_1_B:A_ _ gB_CIY/BOM_EX]_ SII_CREI_

25

UnL: _.1 cstIs_; Ted_alq_ Strum eepo_

CI_: l_¢_mt_n Techm]c_ Cmt_, V. Va.

S_P" A_AI: NHS_._V_3_

CI_, iNCH) ST_S

MINS: /ANODI_

_S: 1_e stares c£ _,_Ds_mmmtc£_sl_elO_lls_at _e_o_F_SSisdmc_. _

(2) a_of tt_e _c _ld Rel Gall (PAK_, _oltm _dxra_e Rel Call (HI_, a_d Solid Odde l_el
(Sm_ Prcgzms srd _-_rl_ecm; (3) adismmimof u_eRel 0alls _ l_smmh mt

Tec_olq_ _.lcp,mt (A4 a_i_D)_g_msrdp_ec=; a_d(4) asumnyc_the_el _ Sys-mm a¢!
_llca_ _ A_s_n_tknof/ualcmllds_]c_s_mmcm_[retndlviamlc_/s _n_

_call_smcMs_=a_s_a_.tncr_r_.4x_. I,L_S, ttm__stacksto_

ele:_, cmuul of e'd-cell shorUng, srd _of sepsmt_r _atm m _ ar_g _D _ of
ARsrd 1D _ i.fimmUm cn re_o. _ axi nat_'lals fnr Kl_s, S1E's, axi PAlm's.

• • • • • • • • eeeeee • eeeee • • • • • • • • • • • eeeee • • • • i • • ee • • • eee • • • eeee • • • • • • • • • ee ee • • ese • • • • • • ee • • be • • • • • eoe eeoe• • • • • eee • • eee • • • •

B'_7_J)7*t ISSUg91¢Gg123B_6;_I_. msagIg_27
,._UE-B_la _ 1.2_:1B0_27_ N_7-%8 86/7/15 99

Ja_J.

__ J]_. Jet _ Xab., _ _1:. o_ _a_h., R,sa:ism.

S_.._d.l: I_S_._H_,_I
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_he .m_lithic design _ thessme tixinoszmflc_tsussitnother_fual(_lls in a snug,
l_ht_ght _stmm_ofsmllcel]s, ard ti_cmadde_s_yh_txa_l_unitm_ -,_u.e.
l_e lt_t ,_Id_t mzl ]c_ reline, as_ellas tt_eefficierTsrd __y of elmU'lml sys_m, are
sdmnmBmm_sp_cesTsm_. Omstdecs_epm_,mshssbem=sdein_=mo]tthicfu_c_l]s. Ce]ls
of the mmliU_ic dad_ hs_ barn _,l_rica_i ar_loperated. Hi_ cucz,nt dersi_es hs_ bern add_=_.
of ti_ mmoli_ie dsd_ hsvir_ pmmryptcal _.--,_s _ ham _x-icst¢l and q_a_.
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lids _ has barn wittm f_r the gut13oeeof ao_dnt_g thoee i,_iwd with I_tt_-ies vit_ the

in _ docunmti_ad_zm_of_.].lazll_tmyd_Ignoanzid_d_md __ the e_nmts
within a ce_, _ce._mll_tn_l'mm_ozecehnzltnusecmYcc mmuf_v.nr-intx_ cmsm.

sl=e om_ (_) ea_]oads_r_ _ for _ me in Shuttle appl_tiom am a]so pcov_.
a_e electzod_a_l _ ace divid_ trmo :drcmode md lithiumm_e pdam'Im, seomd=7 cells, md f_el
_..lls. _ _ is _ dmcrll_, t_Lcal appii_t_ns a=e gi_m, ad_ta_ and dL_=ivmt_= am
t_ulated, mi n,_ _r_t_, safnt_ _ mso_t_zi with itsu_ aleZi_,.

• • • • • oq_e • • • • • oo • oo oooo eel • oeo • • • • • • • oQee • oo • • • • • • • o • • oo o • • a,o • oe oo oo oo eoooo • • • • Q • • • • ooo • • • • • • • • oo • • • • • • oo ee Qoe • • eeeo oo •

_ 8 It_1075_ _ lel_: _6-014953

El_tn:z_mic_l e,z_ stom_ Ix_gnn _._: anal

(Xl_:D,4_=,,_ of _m', _'dr_n, o. c. CSS: (offic,of

m,,_, Sux,_ md _.)

S_': Avail: NI_SI_SA_I

tl_ImIDsn_I]_

]MI"IIm_ES/,B.Emmz
D.

Hgll_ Am ]i_'iIm_ NIO_, W K_JR_IIm/ S]]IIM

o, the_tq_te_is_ _al/_iz_, _ _a_elithi_ I_tt_lm,
scditW_lf_ I_ttmtm, lttldmVimn sulfide I_, fuel cel._, l_Ecem/nidml odde I_t_, £1_
_ttedm.

_tzrd_-W,Mm _.Lb.H.,n-i_E'lehd,z_m0_mt _).
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ABS: the zeltclxeumtsarcltedmlc_c_pce[,_tlcr_sof tfmllf___clems_su[_y_ f_

mmmcl mi.szicmace m._l. emce_ llfm_ system,,_sslm relulmmmts,spe:Ificaticm,sTs_em

cmln_t_, mquim_t_ fxx" _odarec_vlties, adESA_tzvg=_aL'epcesmted. In tie
field of _ m_ly (fxF..1 ce_), mLss:_ mqoLmnmts, _2 _ ard _ comp3-_ts, a-d
te:im3_cal t:zep_ulms are _r2h_.

oooooooeoe* • • ee o e e ee, oe • o eoe • • • • oe oeooo_oeoooooooooooeeo • • ooeeeoooeooe • • • e.e * • eo •eoo • • • eeoo ooooeo • e**eeooooo oeeoee *to • oo

8_ _ 4R_E513C__4RPI_: I_(IlqF-8f_gI_. E-_/_X)86_5 P_GES

U_OASSIFIIDD_ll_Nr

ul_ _t of _geemhle _ s_-_ f_ spacemul_tt al_tcatims

&liB: __, H.

O_:': 0ek _ t%t:la_ Lab., Tenn.

SAP: ._u_: NI:IS_._'_._I

_ sr._n_; Pn_mtedat tl'n__ty_m,__h'm'_Omfet'm:e, Sm_, _b]._., 25
._g., L_

HI1,E: _ _ _ UT'T'r:r'/._rr_ _KI_ StSIDE

N3A: IZE

AI_: A _ has ceo_tt._ybern IrtIULatedas a l_ of the mtlcml St_tegic _ _tit_l:J._e(_') I_ deve.l_

ere_ storage_edm1_ Rr sp_ po_ appl.lcatlau._Is pmzmm isjointlycm_ted _ the_mnmt _

_re_ mt t_ _s-t_st _ _0eee. It is fzn_d a_ tte _t o_ m_zi _ in _my-r_o
erel_ s'_z_ee that _illbem_tmtf_rseeatim_ml_tt _elso_s_-lntlXSe fix S_ Spem
sr_s_s. _ stn_ge te:Jmlceycxrsidem:i:inthelx'_mnm3atemde_aesthattnvea h_ specific

cape_ty fix" me_ stvcvSe, ddchcm_ldshL_,els_e_trlcp_mdamnd, end _ my
_ elec_-lc pm_'. _ deTices of _ :int_est ave e.]ecm:x:t'mi_ tn_, d-mical tip_]

stnm_e __A32 be _ ttt_x_ the _x_-_-am_ s_e _ithin the re_t six_ ttat _x_des
a speci_c pom_ gma_ thin 2.5 kW/kXwith an _ stoz_e dmzity of at least 450 kJ/kx.

87A3_ I_ 14 I_E ZIS2C._ 44 87/00/(D3 I_GES_ IX_

urn_m_ c_mci_.Ick_-_m_m ceUsf_ smm ap_Ica_km

_ D. _ A/(U_, t/t-isht ._xnmtical Id:n:aUz'lm, Rdsht--Pattm_n _

Nt_ O.C.
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A _stattm_zluaticntspmsmtzlfiarrd_ck_-I_kq_ml_ttm-lmtntm_lT] tt_U._ Atr_far
.T_,,.,__ _ uses twuir_c_ttesc_uptn3OO_,a_ln_. _cel_usemmzx_ elmU'cde "_"d.ch
fmeilttams heat tmas_ axl_ d_elmtrlcal_aclscmrmt_zgtl_elmtnxlm to the mzdmls to be
carmml Uo tabs cn tl_ tmide ?a-Jmmr of tl_ eleemxim mcl thm mmat thro_ tl_ tmkk of the elmmxle
st_t. _esr,_otheim_outez_tmt_ reatlt_g fx_a_ _ _tim fi_erpt_rotesFmt tm_ff_ to
the _ wssel actx_ a _ ren_ _. Amjcc tmo_t_n is the use of catalytic _m
re_himtim str_ m tl_e L-_de _ tl_e _ wssel _d.L

eee_ee_eeoe_eee_eoe_eee_e_ee_eooe_eoee_ee_o_oeo_oe_eeoee@eoeeee_oIeeeeoeoeo_e_eeoeo_eooo_I_o_e oe..,so oeo# oeo

87A337_l_Jg 14 l_Z Z182_ _4 87/(D/004 I_l_;_ I_OJ4_

uri_ ixmct Rml ce.ll

c_. U_D _; _: L_x_ss in batteries _nd solar _ls. _ 6 (_7-_76 1_-_). _eve]_, 01, _g
l_m, Inc., 1_87, p. 172-17_.

O.C.

_i_: _n e_lmttm is m_e of the _t smtm m_ _fi_,_ d_mterlsties of _ eleetrtml
s_s_m e_1_Irg_, _me_e_ _dlmc_ly f_e_amltmcadxmm f_el cell

(FClg). _etJwe Pm _e_ _dly _ _n nultlcellst_c_; sine the e[k:ti,_ exlotleml _ o[
mu'me tn _dm_ is s_-_atmt by the stack's _ste l_at, tta_e is m reed to _ fnrt_ ha_ thm_ abe

of thea_e _ast. It Ls tn prAnd_ _ m t_ch lO0 pe_mt s_ e_e_e_ tn smh a
st_e, a_s_-Le _ssure _C_ _cut a _ottm_ e3r.le, since _e is _h_, entnV3 _ fnr
mthme a_latim. _n elmtrldty out_t castof _ is l_ct_l.

, e ii o 4+e o_,l# • • o • i • _l o o i, ,I i_ o o e • i o +i e ql o,I_ • o • • o e +l e _ ii o • l, +, o l, • e ii e # e #e¢ #o _#+_ o o • • • • elle • #e _o_ le • I i e +l _i Q i+ o e l, • i oeeql • o e o l,o e e l+e e _+o • • e o •

87_ l_Jg Z4PPGZZI_ _ 44 87/(_/_4 _,_ES_ _

unl_ _ced mchnah_ fnr_ _ _ f_elcells

P_.I _.lls _x_., S0tnh Vlnds_, Cr)

0._

_ _ha_bemde_c_nr_ f_ce.Usvlthavt_W _e_c_ Spece
stattm dm/W _wcimm_ _remntatmtam_ _eazVamtstw.h_ a tzkttam-m._lm mm_ys_

a poumimtiumm-tm_e._u'c_emu-Lx, a_,e_gn_eel____, a
Wld-pkt_l ntd_-cer[=at_l fail elmtmte sulamam, a _lme m]f_ cell _ farm mtadal, md a
_cmler_. _hm_tedintn thea]lml_ famlcellmit, tiam_ama_s:mt
t_ y/e]d m_azmti_ qa_atim Zaa hz_ ee_h od_lt Spsc_ Smthn vim a des_ li_e lg-eatm" _m 5 ymm.
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IEll__a_dal s_les cn ml_m _te f_elcell
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Mum , T. ,v(o a, c m mt  szrch   dtut ,

C_. JAt_; IN." Pm_ss in tntUrks ml so_r cells. Vohm 6 (N37-33776I_-_). _,
In:.,1987,p. 7-11.

Ji6JS:_ *Rq_Y _ *F_E.(]_IS/*M[L_ SN.T_ R_I YIES

._ Rmss,

ABA: 0.C.

_: _n e_]mtim L_pmsmtadf_nnmt testmmltsm]ated tom_tmcafl_nte_ceU._ mt tev-_-T
eb_t:n_ _1 e.b_u'_e mt:r_ m_ _ _ their l_:kxl _, such as mlt:i_ point,
eb_-lcal _nductiviW, md vapor lxesst_. Fe- a_i Nt_ _ wd electrically cmdvcti_ c_nics f_
e_tn_les, and _ti_ _ _tca_y cmd_cti_ ceunics f_ e._tm_c mtrlc_, _ bern
_ted. _ e_'th mt_ _mtes m_h as _, _, a_d _ ln_ been vdded to a
cm_mt_r_ _ htm_ sy_n in _ _o mtz_ _zzm_im_m.

ooeoeoooooooe • • • eeeeleooeooo • *to • eeeeoo ee ooo ee • • • (*o • • • • ooeeoeeeooeoooe • eoee eoo oee • • • eeoee ooo oe • oe#oo oooe eeeeeeoooeee • •

Llr_ _c_ _er _'tem f_ tl_ r_-_ _

87A14170_ 3 P_ 365C_IKII_44_6 I___

S_re_ a_d f_ruze tx_av1_of ,un]/_hi_f.el_11 tspes

_ _.; _ T.; _ B. _ C/(A_umm l_tia, ml Lslxzmtury, IL)

(2_ _ Slain; _ (_mflc Soc_W, Jot_ (_ (/_-782_), 69, A_. g. L_6, p. 628.-633.

_: _ _ _ tim su_ mi f_t_ema3_sc_athne-_r ca_lc cvmpmim _ is a

Nat:kn_ Labc_t_y. A ma]l_:rmthe__¢'_=f_cimnttsoftl'zmm]._mstmof _t _ cm
mmlt _n ]m_ stremm _! cruse eradd_g pmfl3el _o tl_ p]a_ of d_ ]a_. A S_Ul_ f:mc_m mx_ f_ a

c=wslm s  .   t h ' pmdlcte  md Isln 
_._. _th the_ _ todate.

oooo • • • • • • • • • • • • • • • • oe eooo oo • • • • • • • • eeoeo • eoooo_ • • • • • ooe • • • oeooeeo eooo • • go • • oeo$ooe • • • • • ooe _oo • • • • • _eooeoo • • • • • • • ooo_
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_, H.; B_{:Rq./tH_B% _.; _, H. J.; _, W.O_': 0m_ml El_trlcIW

I_£_!_. intol_SEtf_mInt. Smirerl_masanl_gyVectoc(Bcus_),Feb. LqDp547-564

_.m_:

(:II_':

OD:.

ICJS:

_tgh a_', high _ dmslty sc_ti_ _ _t't__es f_ _ _ a_plicaclm_; '11._.
l_xx1:,Jul.. 1983-._x. l..q_

0_m_, Irr..,Salt_ City,lYmh. _ 0D

eo eeeo e*o e • eQe oe ee • • • • • oe • • • • eo • ee • oe • • • o o e oe*e eo I • eoee • • • • eee • oe • o e eoeo o e oeooe eo • *eo* • • o*et eee* • • • ee ee *l * oeo • eee • eeo

Joint l_allcacloml_mmz_h S_gice,_ Va. _ 00 In itsJ_pm1_'_: _ and 9_bxd_W

p83(qmm -Tzlmm-31)

oo • oooo • • • eo ooooo$ • • • • • oe_,o • • • • • •eoo e_ • • • • • • • • _oo • _(,o • • • • • • • • • _o_4_ooo • • • • • • • oeeo _ee • • • • • • ooo • oo oo • • • • • • • • _e eeeseooe

8_Y1138#C_KII_ 33_ 1 P_SS _ E_Uq_E US G_ R_q_ES

l_qS:I/_flI.I_l_l_0_ _IB[I_/I_i_ P0k_lG_E_/_I_ _

eoo_ o_ ooo • _eoo_ooo • oo o o o 4,o _ • • • • • • _oQ_ooo • • • • • • oooooQ_oooooo • • • • • oe _ee_oooo_e • • • • • • • e o eq_q_ o • • • e • • • • • e o o 4,_e o o o o • ooo eoo•

1_73_ C_C_CI_ _3 85KR/_ 2 _K_S _ I_C_MR_LISGC_7_C_S
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_Jclnt Poblimtlcns1_smrchSs_rloe,_,V_ _ 00InltsT,_stl_l_pt.: Sd. m-_l _:hnoL

8_31# I_US19P_C_IB3]_RPI_: I]E_SRD-85-14/61_:
[N_IE/tD l_aN_

S-_D6-7_]P-0078985/I0/0097

ur_ _t_n, _t_ _ _t and_ n_rt _:

_IJIH:_, N. J.; _l_ P.; O_, D. M.; _ P. _; FJ_, J. L.; F_, J.

M.; G/(_,IC R.; I_,K. D.; I/_P. _.

(II_:_ l_Clonallal_.,_l_, N. _ AVAII.I_:[S

SAP'. !_ _' ,_.

!tt35:

Rim:

(IIe:.

5_P:

_ANO _ _ Fg_n.rrn_ _

SanEta I_htioml L_m_atovies, _, l_s _ desiSmtecl as l.eed Omt_ f_r the l_alomto_y I_t_

st_ a_tnl__ _ntl-_c_dty, sr_Uais_f_th___t of
_1_ tm'ted_ f_: both mobile_ stati_-m'y_" st_a_ al_i._ticm. _d_

d_t-_l_ the _ _:hie_mmt_ _ tn l_tt _ ti_ _ C_t_s _ _'lrg (_l_hr _r 1_.
eoeooeeeoo e$ooee_ • • eeeeoo_oooe • • • eaeeeo_e_oe • • • • oeeeeee_e_e_eoo • • • eeeeee_ eoo• • • eeee_o eeo • eee oeoee • • e_eee_eoe eo eoeooe

_t_: _e._th l_t_7 mt l_e_ 0_ntr_mm'

t_: No_.; B/oo_p.

Pa:if:ie _ Ia_., RiO.l_, _

__.; wm_, a.

l_t1_.lleOolumb_labs.,Ohio.;

S_S; ttmm_tn_timvi_Pa:if:ie_Labs.,Rich]a'd,'4mh, tb_smt_at t_._Lnl
_t_7 _rd _,=,-t_mical _ Sl_n_ Om_tx_s' l'_ln_, X_i-dx_l=n, D.C., 18 et_.

llS

_._tgo _ Izesmt_dat the_e_th l_tt_3t a_l _]_c_ Omtmel_' _ _
urd_ _e f_mssiml_: l_Istn_ge_ _-_le_lm_'lxqgm, activitim, sxliu_sctEz
l_t_ de_.lq_mt, _ l_tt_y _ (t_o _m), _ b_tt_y _t, _lium/_].fu_ I_tt_7
_, _ _ m_ _ _, _ ard testing(t_ _), fl_ _t_
mmm:h, nnml/ai_ I_, _rd _ (:sl]s.

eee ooze eee eo • eeeoeeoeQ_e_e • • • • • • eeee ee • (_ _ _ q)e • oe • • • • • oe • • • eooeeeo_eooeee • • _eo ee • eq)e • • q)• go oe oe_e • • oo • _e _q)• • • 0ue • • eoeoee@
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B/(amooell0_.,_, m.)

MINS:

ABS:

LY£I_ P_t-t_t aml2_es of N_'Sce/]sand_ lmttertes

_._R:A/_R'_S, J. E.; B_, J. A.; C_J. J.

(11_:A_a_m N_t_ml lab.,IlL

SAP: _- _ _E_.

_2_ u_ sm_s; P_smmi at u'n Inm_m_ml mt_'y _ Wcd_p, _,_,__, WestC_m_, 29 Sep.
L_85

N3_

_S:

oooeo • • • • • eeeooo • • • oo oooooo • • • • • eoooooo • • • • eat • • eoooeoooooo oo • • • • • oooooe eeo • • eo • • ooeooeooo • • • • • • ooooeoeoo • • oe • • oe • • • oe

8ei1788_ I_S_IE8 _ _07 (_ 44 _h. 13_>_ 1_,-01._ 185/_ 4 I_ _ [_:I]4_

UFI_ Eb_J,mics]. _ aid _ _:m::tes ad f_el cel._
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N_ D3Z

Status of tim gCEBatt_y arzt Elmtmd_ml _ I_gran 5

,6//IH: A/KIil_, R.

(IRP:_ O:r_Cm1_, Inc.,QI_ Q1ase,Mi:I.AVA_

CID: tlq£]_SZa_E5

• lqS: / I.F_ _:ID _ HEE_, _ _ _ ,_ID _ _ _

N_ DOE

I_JE 7 l_E10_OC._E]ZZ_33Bl:_: l]_5-(llfa_IJ_LqS_(l_lt: BS-N:I_76F-(I_85/O6/Z3 134

_II]__E. _qr: A/_d.

CK_ tI_3_ S_3_
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,_H; A/KZ_e_K. _" _.

]lIB

_L. 4, _9. 4; 13'. 29-32; a:z. 1985; I_sq(]2_-7821



thespemstatlonvltMnademde. Rx _tlltaryappllmtlms,ams_epomraplxvmldrgl_vlthptflsed pom_
1,1e_em ofIO0l_,myalso_nzplmlbyfam__m_nsbythetxmaoftids centutT, e,sm
pmsmtly nm atx,xd 810,0112per _ of gVl_ m the shuttle, and _, ldgttly efficient, ¢mp_t

l_ht_t po_r ¢mpmmts are _ f_r _ space applteattom. To dt-al_p and Lm
f-,;r'll'l_ tll _, it iS estimted tint just f=r the rosa spBm statim alert% the nt,e_

a_uttlelmnd_pery_zwtll_byat lmst *byL990, a-dbylO _ the _m: 2000. (]_ited_,,tt,x
d,mmct) 6 mf_.

eooo • oJoooeee,ooe#oooeeooo • • • • • • • • eeeeeeo#.o., • •• oo • oeooee eooo oooo eeeoeo, *eeeooo • eooooeeeo#eo##eeoeeeoeeee • • • aoooo#o,

8_IIM83*OIIllII_II_G-2103186/]//(DVoI.lO,l_b.6, P. 32__IIMgSIIC

Ur_ Kel-OzllStn,:mrePmmats Hmi_areDty/rg

plates dim:t flows of rmetmts a-d ¢volant. Vs,,ram-type f_.l-<z]/lmtt_ has _ rmetmt
and l,_t nm_ral, emmet, ltght_ight hatt_ _ high o=m_t _ pm_ witt_t dwfmg of

Rim: _, J. PA_: A/(_ l_etric 0o.)

86BIO277*C_I_[I_7L]_-I423586£B/_Vol. 10,_. 3, P. 118_D0(XM_'lEHBSlEC

'm,mml.]_Iut_mt, M L_zl_tml),'z_ Systam

[N3C: (_ and _z_ eCSflcient mOed of tl-_nmlly tntcgtatirg tip/_ mt elzxml.y-a_ desJgred.Design

tl-,mml tntegmtim of _ _ and mt_ e/ectmly-z_ in t.'_mmtt,a ft_/.-_/1 system. Syst_ cmf:t_atim
pzvWM_ thsm_ inUgtatim with strgle _mlant _x_p. Omf:t_._dm does mt _ t_,mml ltmitattms
associated wtthttytrgtotnms_hmttmr_mt_evo]mt loops. D_'tgnlessempl_andrr_-et_]_tah]e thin
pt_ destgns. _apmhl_ to stm, talwe po_r system in cm]metim with solar grels f=r remte-arm
_plieatims.)

,_IIH: A/F.4KN, J.; _, K.; _, IL PM: A/(United_es (lxp.); B/(Utxited _es
e_p.); c/0mted _ exp.)

Solid state lm_-l_;

_UlmA/SmLlm_ C.. A. C.;

of them'_,:ed Stu$,Imtlm_e, Almblded_, _ Septmi_ 2-4,1984

easmm, _.

l_g A/(Ltslxn, IIM._Sd_ Temdca, Ltsixn, Bx'tU_); B/(Atm_ _ l_mmreh _mhl.tdmmt, m_ial_
_t l_.v., i_/, IMg/ard) Pgr: miD.; B/ID.

s_:. m0

Sm-les, No. 1_I.), 1985, 598 p. Rx- i,,flvtdml itms see ,_6-3T_ to ,_6-37221.

V.L.

'I_ tnpmm pmsmted tn this mlum dml with 'arlom aspects _ OLd'eat ti*_ _ __ _
in m].td-amte trite. _ a_-,_ _ t_e cs, mpts, mlid electmly_, el_tt_ I*vemmm md
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.qlm:_, J. R.; _ _(Te_, tt_.ws_ty, Arl_Stm)

C_ _ StAreS_ of _ Elec_cs _ 0"//._-7Y71), _1. 2, Jm...l_. lg86, p. 1-21.

14II_: K_L _111_ (]ILCAIIlll_ __ _1_'II1_I_ _I_SISIYClY_ II/_MXI_ RIEL

Ass: A mv___atvax:e:tnthed-misuyofelmttmia,l._a:,s_t:tngo,:_c__ _mm_.
_ssm_ d_recmd _ds _l_r( _e _st_sl a_ _ _ of _e s_ms _x_h sm_.ml
un0cK_mt_:n has la:! _ mus'ta_ lwJrg (mcLn.n:i t,_x_m_ts tn st:n3E_, fl_lt_, elasticity,

nm_. Bss_csUdim, _ a va_le_yof p_, haveFle]ded_C_. m U_e_J.c_on

_e use of _Ime as a _.,--._I_ _tU_y or _n_c _ cellelecU_de,_v_ berne_ed.
• o o e e Qo e e o o o o • o ee ee v w • • e • • eoo o • e e • coo • • • o o o e o e • eooeoeooe o @ o o o I o e o eeee evoo e e o o o e e o e o to e e @ o e.e e ee e e e e e o e e e.e o o • o*oee • oo

'II,e _ a xi statm _ tt_e U.S. O_rm_ of _'s _t_y me_ sum_ _

._IH: A/(lll_ J. E.; _A. R.; _,J. V.; __. G. P_.: l_'(II_ ;_h_gt_, I_;

c_.

AEA_ O.C.

Attmttm is gt_n _ou'lU.S. D_,r,matof_r'st_tU_ms_sm_rxx_m, hts_y, assmsirg tie
it hss !_i tn t_em_'_ intrust _oda_e _n h_bsu'lal, whim]at, mt electric ut_ty lind

_:attors. _e _ smusoftatte___sal_e._flmmt fnr the (_es of

(_.l systms. _ mrds _e _ tn_o u_e :.-_ fito_
• • ee • @ o e. eo _J e o • ee • e q,_ • o • • • • • • • q)e 4)e • oe oo • em eee_eooo • • • • • • eo • q,e @ Q eoeo_ • • • • • • • eeoeo _eo • • • • • • • eeeee (0 • • • • • • • • oeeeee _o o o 4n)4_ o •

N_H:A/(IIIA_,T. P.; _,G_ B. k_
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8_2247_ _ /_1_: ,_/_8387667LF_IU-Hr-821-848_d09/1271_GES__USGOV_

.M.II_A/V_ O.; _,p.

021_: amy Yondgn Scienoe and Tedml_ Orate, (_.lottmv_]e, Va.

CID: _'JR"R'_nq,_A; "13:a_. JntoBl_.,]_fzoaVes_. l.ka:_Pro_a0b_e_y(_],,t,-aida),v. 13, no.
9, lg81 p 72

t,t_: _ KDEB,_UBS/*RiO QCt,S

O]_':13_on Uhtv., @do.

QD: _ S_)_ES

css: (Sa_x_of _.) AVAU.NI_

(XIBP:AI_NI_U]_ Lab.,Ill. AVA_

S_P: IE ,q3VHF,eD1

Am_x

IkLs study e_mdms ]._betsemBo_msm_tasd thepd_tesectm Jnbattecy_esmmh and _.l_t,

('DIE), m'd_ tl_,_x't:pt'_ f:_l_ml_, Am_ocf:Ird_L_ thttL_cm IXtmpt.lyerd
129



_f_t:t_lg tu_aate I_tt_ advmms vl_ _ potmttal tnto r_ im=l_ts, _ tl_t qWr_t_

hx_l_ll_ vl_ _t to _ _ emtmt and t_t_ol_esl _ attain. In sddtttm,
pn_mt v_t_s _ allo_m_ tDbui2d_x-_mtyg_tttms, a_d _ dim_n within the
lx-l_te s_zmr _ !_ r_ axl dS:tdmt. :l:t_ tl_t I:_Eem I_s_ _ tl_ t_ar_zr _ t_ to

by stmplg _,_t_ advux_ vt_ _ pot_ttal, at a fzst_ rote. Prlnclp_ r_au,-d_
_x_ie: (1) m _ _,sat_ role _r tndust_; (2) _ _rmmtic t_tbt_l.tty; (3) gu_t_
_Sxrts at_ at qu_ttm advmx_; and (4) _ t_rdml sutmm_ f_r Industrial cmt_t_s.

• • * • coo* •. • * e * e* * o a,o • * ee *eoeooe * • • oeeo * *oeol* e *eeoeeoeeeoe *e * oe *0 o **ooe*eo • •eeoe e* *eoeo • eeo *e* • eo * * • *eeoc • • * oe*ooo boo

_ 11_KIg20 P/_ 3443 _ 33 85/07/00 9 P/tI_ _ _

urlL:/t_msmti_ fml csll _ fnr sp_ s_tim

&flY: Am,_,¢_i_,,, 14. A.; I_EII[_, D. W.

(l_: l_tianl.._u-mtics svd Spsm .Msflnistmttm. _ _ Omtsz-, _, (l-d..o. A_

_ srxlm

_ 7 _ 991 _ 44 _ RkSb.(R-17_ 1_ 1.26:17_I L_-'IP,-376-30 (RD;
84aY)/ID 91 1_1_ _ _

&liE: _, B. J.; B/KIMI_, F. IL; C/I_KH, AL J.; _, IL A. _ Li_ Systm_, Yanc.,
_,(lflo. AVAK.R_S_I': II_._5/RF,_I11. C

1D_ _ sr_IES

Lt_ _ _ _ tl___f_.1_llsysun_sr_e_rdad_ dd_r_tlm of an
_tml_ I_1 _ mxkl. sys_m or 1_ mrth _t_xtt udsstms _ _mple_. r_=ttlm

d_ac_tics, m__d.,Ig, _lxz_si_s_l_l___e__srtl_ 10
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oeeeeoooo • • • • eee leo eeoo • • I eeee eoe eel eo • • • • el oe eel oo le •eoo • ee • • • • • eeeeoeo • ooo • el • eee ee • • • • • ee • • • ooo • • ee • eo oe oo • • oe • • ee

]ZStE 5 P._E6CE__}WI_. _-Z_lF.,-Z_I_._:235284/_'_322 _

b'r_ Spare _

S_P: IE A_/MF _I

8_ _ 5P_EE_04C_I_I_20RFI_: _-2346L-I_876_1.55:234684/II/O3419 P_EI_

_A_IH:_ C. R_; B/H_I_I_L,E.T.; C/_,N. J.

Na_-al ,_zn_cs mt Spsce ,kkinisUa_m. Lwg_ _smn:h Om_, _p_n, Va. AVA_Ld_

CID: _S_; _l'dr_m_zks_plmldln_A1a.,7-gFeb. I.q84

_w: mm _nt state_thets_x_E_l, st_u_es'_ta_a_d__, the _ _.
_t _ f_umm_L,_mts, _lt_d_'_mst5 tom:t_thmes_Ed_s _ _imt_.

ef_m-m cm_ctel InRm_em'_lln_etlxtt_IStates_eL_wle_. l_d.tsa_ __s in
anpmlte tutorial mmm, mgm_ __ s3stms, m_r./_nmmm m:l elecumics, _ s_m dymmics
mt omUol m pmsmmt. _e _issm fnr _e_qo.sdtscipl:inm wd mdmlcsy ebsnmm_
seem-los am m_=,_. Asummyofdm_,md_md_,_,_-'-tiam_zeptmmu_l. Far
trdividml _tles see N[_-13_ _xx_h l_>.13_.

• • • • • eoooooe o@oooo • • • • • • • • oooo ooe oo • • • • • • • • • • • • e4 eooe • eo(,o • • • • • • • • • • oo • oe eeo • • • • • • • oo oo • • • • • • oe • oeo • • • • • e e,o o o o • • • • ale s

t_I1_Lithlm p_ svt_s _ then_¢_dm_de
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O.C.

system of tie U.S. A_r. po_s4_ydx)lcels_toaedrdm, rud_bymmsof a _m_x_11y
clefiir_l mtrix,x,blch is_ m the bssis _ a mult_er _ md _t pr_ra_ Attmt_n
is gi_m t_ ].tth_um I_tt_y _ _, ,htch cn-_:i_ms a cri_ca],elem_t of the

pccgran.
oe eeeoe ee (,o • • • eeeooo • • • • eo eooo • • • ee • oeeeeo • • eooeeeoooeoooee ee eooeoooooeeeoo ee o oe e.o • oo • • • eeeeoooooo • • e ee e e4[,o eee oe • • • • •

85_311/._ ISSUg14 l_g 21_ r-.,q]B]_ 20 (lq1'_:

AIP_ _u_or

si:sce. _v_q_,tn_fL.mtbemtattrg,,,,__a__t_am_'.-ga',e_t='. ']l'e L'r,er
_ract _ tbe_ _te_d _ the oum_ solm_ ro cram1 _'n _n_al ard self-_:le]d

o_ tl__rlm. Oxzmtis_icredin_e_nr_solmotdtl_s_nosq_rarepo_rsurplY,
the eurrmt _ntt_eout_solmotdmmt_rvlththe__locl_o_ tbe_. _eeff_t_the Sep
md _ ]a_ are _ _e _ _n e-_ p_ mit ross _s _ attract_-.

• ee • • o_ee • • • • • • oo ooQoo • • • • eee • 4t, o • • eo • • •eeoe coo • • • • • • • • • • oee • _oo • • • • • • • eo t,_ee • • • • • • • • o o ee o,_ eo • • • • • • oeeee • • ee eo • • • • • • • •

Un]..:,_Jmme. in c_oemtc ergb',eed_E wrlals. Volme_Pmcmdlr_of _'_e_ _mzm_]'al (_mlc

ltmcJa]s _, _ Six'Jq_, CO,_ 15.-17, 19133

S/E). _,P:

(:_ _ _ _ sixm:ud_Imt_e_gle_'_81adgh_u_r_s _;lmem. _w
FI.mml_e_, 1..q_, 1019p. No trdtyldual tt_sazeai:em:ac'm:l:in tlds_]me.

HINS:
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C.D.

A col.lmtlonofpapemonct_e_cmtedalsispmsmted. 11__mplc_Im]ude: cmpmltes

and _, m-dmt_ti,_ impc_ticn, az_mltic steds, _ andjoinlrg,fatigueand creep,
a].h_, _cal_ofmtedals, arde]m_tlc_ofmtedals. Also cn'_dde_
_e: m_-lals _ _c_ e]ecumlcs, micn_-u_u_e of de__kpnmtal sCenn'd_s, fabrlcaclm
and cpt:Indm_:n of AI.5 _tom, md'mlcal _ of _t_s, _ _ o_
supenndm_, and _toc _Cs and sCdd.Li_.

eooeeee • • oooo oo • o_e • • • • eoe Q* oeo4 eoo• • *e oe * o*eoeoe • Qeeoo • ooe * s oe oQe •eoo • •eoo • • • _e oo eeoo • * eeo o_eee • * eQo oe • ee I, • • • * Qo • • oo

urn_,ezax_ In_c_. Volu_29-_o_dm_cl_glmed_G_,,o_, Ct_mdo

Spr'mgs,_, ,_gust15--17,1983

_: A/FA._, R. _;.

c_D: ucn_ S_mJ_mmJIJ¢_ _ _, Z,x:., mS, _, et al. _ Ycxk, Plenn Press, 1_, 1071 p. Far
trdtvid_ item see _ to _5-26527.

l@J5: /*_*__*_

H]NS."

G.R.

/_licatiom of _tivity am _, takirgintoaca_nt tim tfieml _ of _e
mSm_s, the design and testJrgo£alaz_bc_e_tirgmgret test f_acAMty, theft of a
12-t_]a mu__t_zy Nh3_ magnet, a _t:irg _t £z_ solid N_ sttzRes,ad_ncel a¢__IcatJm_s
of _tczs, tzarmltlonarclmco_7o_a_cal].ystab]e_toc, and f:Ird_

mde_Irgof the_ty o_tml.lmT_omducmc_s. 0_er_tcse_nd am m]a_eito
a_t]abLltty, heat _, heat _ to !_ _, _ nt_ heat _ in Be rr,

].lqud_n,_ andmp_Ic _c_n, c_mmles, __la_ f=rspaream].IcaUons,c_J_Sedc
alRRtcatiom, ct'yq_c immmmtaticn and dam ,_H_, axt pmpe¢_ of fluids. At-m'_m is gi'_m
_,_,_-,] app_ca_ns o_ c:y_adcs in Q'dm, hr_-mm ccyoem stnmBe in spa:e, and a l:essi_e orbital
dismmmt semi.

s_. ST_

t]NI_ S_IE_; 1_ Yod_,_IkzkOo., Lc84, 1075p. Nolrdivid_immsze abstmcmd in
wRtme.
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N_ C.D.

I_tailet _tim is gi_m an the lx_es, _,---- dnmets-lsties, and _caticm of all n_1a:
I_tt87 and _ ee].l _ _ _-m_t.ty h_g m_Eaetu_. _e _ cm:_ts, e_smtiw fmtu_s,
_I sel_ti_ erit_la that _ _o _ l_tt_ _ are first m_,_ C_._ _ is tt_
_L_ to _ l_tte_m, _ h_t_, _ _ l_ttedes, _ and _ 1_,
and f3_1 ce2._.

urR_ Fuel.oel].poa¢ 8m_at:Im

03RP: Amy Pocelgn _ and _ (_ter, _t_, Va.

IZ_JE21 _ 3393_ 33 l_lt: 1]_4-(322_ LI_17741_: _76_ _ 19
_ n0_114El_

tlHL:

ClI_P:

I_s:uti,,_s_ 1_Ixz-t,1983

_h_ _ tree tn the _ of elmtmd_cal. _ f_ _lmt__e _hic_ _ __
_li_tiom is _,_, _e _bJe:ti_ _ the _ tnse _ Ore) pmjo:t is to pmrl_

a_need e__ _ that mtls_ strlrg_ _ axlecan_ _ts Rr e]_ctrlc

and stat_ _ st=_e q_tcst_cr, s. _ _ lz_Ject is _v_l intn _r re,lot pn_Ject
elem_: _ _ mm_d_, _ _mm:h, e___l _, m:l f_t c_13s f,r
wl__cl_. _e msa_h, _ _l--,q_=,tae_Lv_t_es_-_nt tnthe_R_ in _ 2_83 am
_. HJgh]._ht_ oE eech pt_:xJe_te)snmt a_ _jnmL-J_ a::x:ot-d:l__ the 81plxopt_e I_ _

• _ msmn:h _m.

• • * q_ • o o _,o o o • • • • • eeo oo • • • • • • eo*eo* • • • • • • eeo o*ooo • • • • • • • eql • • • • o*o • • eo • • • • • ee • • • oo • • • • • • • o*eoo* • • • • • • • • • • e*,l,e* o* o o* o* • • •

_ _S_E 3 L_E 3t-_ _R3L' 20 83/12/_ 4 t5_ _ I_LM_

u_ _emmt oE _o_mt_a_ _or b_tt_ in _ anpU_t_rs

.,_ .4]m_ P. P.,.

_t::lo_ .,4mmmmt:tcs ,_I _ _t:Itm. Sp_ _ Om_', Gm_elt, RI.
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is eu_lufled that _t _ sot_ves ,_11 probably emttrl_ t_ be used f_: the r_t 5-10 _, _ _
_t is pmlx_d in,,_k_ _, _g_" _ f_ _ _1 sateUitm.

AUra: A/flSU, L.; _. E. PM: W_ Int_x_Cia_ _rp., Shutt..le Int_:at:i_ El e,,te_te

CID; LNI:I_ SrgIES

2_-_, L_3. Volum3 (_84-30_2D-20). _Yod_ _rlcm_mteofUs_cs1_m_, _83, p.
957-962.

O.C.

,q_. lqekel_ lmtterles, q_-_ fa_ cells, and r_e_ative f_e$ _ ,_e subjected to trafle_
a_ayses, tn _ m _ t_e og:_m e_ti_ _t _m_:h tn the _mtr_ti_ sequeme
the spe_ati_tbat_uldeq_l_eoE tt_nasmelectrlcal___). _e_r_lyse_e_r_kd

all the _.t_r_l_g _ lt_t em be _ int_gtat_d _th the I_S, such as the _vimrmmtal
cmtml _dlLf_g_rt_thethe_nlemtmtsubsystm,_lthe_eeti_mtml_ Spme
s_ttm _ st_em__sismt_y_b_r_tedm_, _t_e__, _d

_ _an _L1iu_ sp_m Ix_ _-mm ar_ _

O:rg_ex:e, (_:lm:b, Iq.,, ._mt21-._, 1568. Volum3 (.q_.31_13-,_). l_Yxk,._-'l_r_ Irstiu_e
RrE[re_:s, 1983, p. 932.-9_0.

J,m_lS*

O.C.

t



oaxtimrdrg _es are ruder tn_st_tim. CSmeptu_ dss_ _ and int_mt_d tm_. ernst
systm stud_ am _ ee_trg mquizemts in d_ azea _ pulsel po_r md _ po_: s-ystem.
nmd fur novel ai_x_hm to _ cmtmt, hint mmsp_ and mttati_ timmet mjectim has bern
_, t_ee: wimt_nmmsityofmtchi__ta_po_caxiitim__tDt_ unique
mquizemts of s_-_l_ ]rods.

eeee • ooee* • • eoooe • • • • ee • ee • • *** • • • • • **eeee ooe • • coo * • *o o* • • • • • • *eQeoo*o**oo* • • ** • • • • ** * • • *e • ooeo • • • o* oo **** • • • oo • ee e* *

S3_I/E_ IR_JK 5 P_E 703 _ 44RI_: NA9_-_-829_0B-13_0 _IS _ 1.15:829_0(I_I_:

ur_ _ ms_ _ s_ systm_elq_mt project, 1.qeO

(II_P:Ns_onsl_cs ard Space_d_t_cn. I_ l_ _m_r, CI_, _blo. A_

C_: [I_H_Dsr_s

AB_ J.M.S.

1tm tetmical __,-_p_-q_mmts _¢minirg to timer o_l_d_systms and related _ are
outltrel in teas of tim task elmmts: prototype systmm dem.lopmat, agiicaticn aralyms, and
tm'ml_. Prototype syate_ _t pt_ldm fix a major_t to de.lop an _ _tY
to tdm the current l_.._Ieds mdml_ and go on m tbedm_, deelqmmt, and _tton o_
_tm _ _ systems.Appllca_n aralymspzozidesf_¢ dm definitiono£ _plica_ionconcepts
and _hnolcSy _ts, specific de/d__t_onstudtes, and th_ identification of mad_ sectcms_
pemtration po_ntJal. Supp_ tedmIogy imlxzles both in house and omtmctual _ that
tnl_lemtation of _ _m_emnts in ,,._.-_, electm_, mactmt _, and syst_ desi_
•ltm stares o_ all elmmts is _.

urR_ 0n_c _ Inlllrl_rd_ _ -- dm-/rgst_t_ Ix_ t_msmlssla_

,¢_ A/A_IB, It.; a/P.AVNJJ_, G.; _ A. !I.

Omtm _=zmadmi Smti _,,_,_, Hi]an (Italy). css: (Doammtattm S_zvtms.) AVA_N=S

CID:. IZ_LY Sp_ in c_ope_tim wi_h(l_a_II_mNml, l_l'l_m_gi_g1_ttricaPresmtel at 8th Ims_.

_c_g. a_. _rd_tim,_ 3-6am. _e0

_tZeB _¢_ mm_B¢i by a _'y semiti_ e]_tL'tZ_ micn_t_=t_ as a fi/_:tic_ of t_e eff_ti,_ _ I, f_r

l_up_IXL_ x_kg f_m 4.2 K m T sub C. _e pm_ lmm P _s:stm c_a_ I a_o_ a bebevi_ _ _o
Y_p(a). Far Nill_tl_s_xxl_gm_mtv1_Z_m_m_l_(A=3) mxlt1_alsoevldm_a surrmm
cuzm_t. Farlqb.3_,Als5at4.2Kmxlt_d_m3fiTTt_IsmT_lx:. 'l_m,l_i_l_r_tm.y_.,_-_
ce_y 2_ Aat 4,2K, _ t_mee_ thatof the__my,#Ixm.

*_ * • • * * o_ • • • • • * _e • • eee* * * * * • * * • • oe ee*eee ee**ee **e e* • * • • oe oe • **e • eeoe*eee* * * *o • • *eee*ee • * e_ **o • • *_ • meg • • *oe eeee * * • * ee •
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__ _ sUm3_ _ spsm applicants _ _ 30, 1981 / _ 28, 1982

_ D. D. A/_:_

PI: B_OOM, It W.,_L M. I_RIS_Fom_t_h_ mmi_Es. F. T_mmdI. G.

eooe • oo •• ooeooooooeeooooeeeooeeooeeeooooeooeeoo oooooooooeeooeeoeeooeoeooeeeeooooooo eoeoeeooeoeoeeeeeeeeoooeoooeeooeoe

_ I_LE 6 P_GE991 _ 33 CN1%: t,lo_._ACRIER_ _/12KD 11 1'_;1_;_ IXX_LM_qr_,

KIIH:_, F. R. I'A_.:m'(1%tinml_ of Stm,iaz_,_mm:_hy_c_l _ _Iv.,Bvuld_,(hlo.)

N_timal Btmmu of Stm,lmls,ID.flder,(hlo.

CID: LREIID sr._IES _cs, ml. 19, Dec. 1979, p. 691-701.

AI_ V.L.

_s. _h_ _ a_-_ _L-alopm_s in_dngm_mts and tl,dr app_atlms m sm_ _.
Sup_***_; m_mt_ am duacterlml byhi_ fields(to_ mi_) mi _ cutout _-sities
c_mimt with lo_m_s_dsm_Islm. __t_remt_a_l_zL_aml_Lret_v_l mt
r_ l_m_h cmp_t_ am _e_ umd f_ _emt st_:tuml _mm_. Such _ as mtn_z_e lo_
cmUrg _=peat_ms (fez 4D fvr m_ p,r_e o_ _,, ard d,sm_ o_ ,_dq; h_-f_.]d sup,v=_ux_
at ]_w_leve_nbenmslisiby__fler_. Somof_p_sp_eappllcatlom of
mp=m:m_t:trg ._net_ :tmltde: cemlc _ me],V'_ vlm m_Ic spe=_, _ _ _d

sMm_ m:.mltlo_ _ti_ ms=t mmtM am demi_.
i i I i I IIIIII I i i i iiii IIi I Iii III IIII I I i I I I II II IIii I I I I i i iiiiiiiiiiii i I i I I I I I I Iiii II i i IIIIII IIII I i I I I I IIIIIIii I i i i i i i i i i I

gr_ _mt operated _ e_trl_-m _a_a_

_. Pat_tt

_, T. G.; B/SAPH_, M. 14.; _, D. D. _ A/(J_,); B/(.]_); C/(JPL)

I_: _In,mm_ (toNASA)

al_.N_timd.,_'mmticsadSpam,M,_dsVmt:im. PasMsmOf:[:_, (XI_.; JetPmm]simlab.,GdifmmtaL.,,st.
(_ "l_h., I'amdsm.

SAP: .4m_: US P_mt Off:Lee

/ _:m_:m;IC K1mMmr/*B.K:mlC _ M/[Lm) BB..KI4
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Hnqs. / I_JIDII_ _I_CI_ I_:/_I_C FI]_I_ P/_II_ _ _ !_:/_1_:_ s__R_r:io_

Of_clal Gazette of the U.S. Parrot Office

_s: _ el_trlml _m_atm: _ f_ _ elmtrlml po_ in _p stem, is di_lu_. 1he el_trlml
_t_ utiltti_ t_ _mml _e _Wa'ty _bit_! by l_d t_l_u, as it is _ tomt frm
a __,_,rl.l s_ate to case opposite d_l:la_ of rotazy moron for a rotDcelld,_of. _he _h_xlcalmtlm
of ffem_rcell_sse_tomT,_am_mticfle/dpmmddsi_/achs_s_ti__ on
the _of _cell. a_el_U'imlm_k,:_zms_lamlln__z_i_i_y _o _mll _Inmmct

vi_h u_ _ _ic field_ by the__i_ _ and _ Ss,_ate elmu-lcsl_,_. A
hint cretin1 _,_._,-,t ms _ f_ the purposeof casirg the _ h_m to be _ (x,w,_d to
and fma a _._.-_,_a state by be_E coo

oeeeoo@o@ee@@o $ • • • • oeee @@ • • eeee • • • • $ooeeeeeoeeeoeeeeo $ • • eoee eeeoooeo • • • oeeee oeoee • • $eee eeoo • $ • eeeooeeo • • eeeoe_ eeo _ • • •

M.; H:INI(_, G. E.; _I;, 7_. _, L1m_sity, _ttsm, i_I) t/Jsm-sin thiv., l_tism.

axp. _ axh: _ (_lted _p_mtmtivity _, Inc., _S, mt Imp, _plied _tivity
_, Sm Erie,, CA¢Sept. 10-13, l.q_4) _ Tmnssct:ims m Yegnetics _ (X_8-9/64), _I. 1_C.-21,
Pro-oh19_, p. 664-667.

PUbl/mt_n [_te: t_r. 19855 Refs. O_tmct N0.: l_D-3_9

I_.t_ stat_s

(1_try of l_llcs_k,,:_5imi States

IXxammt_:__;_PAH_;_stdocumnmsmLlahlef_mAl_Tedrfi_Litxavy

Jvutml_rarcmmt:LM8514

Tm cmcmtrlc _ti_g _, ore rotating, the other smticrst7 am waly-md fix _ stm_ in
Sl_:_. _ is _,'.-._J frm t_ mmt:ln_ ross thnx_ a d'_Et coup]_ 1Da motor-gram:arm-. _-_ Lrr_

i.t_rt _th t_t_ f_._of t_ mt_r solm_ _o_.1 tl-ecm_ ard salf-fleldf_x_s
of tt__t-l_ O_mmtistrdmmitntl_im_solm_thust_vtrl_nost_mat_lXm_s_ly,

cun'aTclnti_am_solm_mstvary_thtl_aE_lar_lwltyof ti__. _l_eff_tof ti_ _p
mds:a].h_lmsate_. _l__tnmm_,p_unitmss tsmrEtm]]yatta_ti_. (_)
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No_ S1 Titlez Hlgh Strength Lightweight Cryo Tanks

_.__ Operations Requirement:

Develop cryo tank designs and materials providing greater leak-proof integrity.

Rationale:

Contemporary propellant plumbing and tankage are leak sensitive and require
constant ground operations vigilance. Any configuration simplification has
positive consequences on ground support operations.

Sample Concept:

An integral tank containing concentric fuel and oxidizer tanks, (fuel and
oxidizer must be thermally compatible), eliminating Intertank structure and
throughtank plumblng.

Propane and methane are cryogenic fuels that possess potential for couon

bulkhead concentric tanks. The least expensive propane for instance is _ell
suited for this application because Its normal freezing point of -305.8 F
allows it to remain llquld at the normal boillng point of oxygen (-297.4 ° F).
Another potential benefit of this concept is the denslflcatlon by thermal
conduction to the oxygen during propellant loadlng.

Technology Requirement:

1. Research in lightweight, internal insulation, easily applied and reusable
without maintenance.

2. Development of innovative alloys retaining higher strength characteristics
at cryo temperatures.

e Development of an integral tank configuration with concentric fuel and
oxidizer tanks; made possible by cryo-compatible propellants, i.e., LOX
and methane or propane where cryotemperatures and/or fuel freezing point
are compatible.

Tec_olo_v References:

NASA/RECON:

87A33190, 87A13055, 87A13051, 87A13011, 87A11843, 86X75033,
86X74233, 86X73534, 86X10270, 86X10066, 86X10045, 86N22593,

86N13349, 86C12705, 86C00011, 86A40487, 86A36854, 86A36335,
86A31475, 86A31465, 85X74649, 85X10084, 85X10074, 85A46526,

85A45739, 85A43126, 85A41005, 85A39283, 85A37401, 85A37376,
85A35389, 85A27119, 84X73372, 84A34010, 84A32676, 84A28232,

83X72974, 83X72199, 83A37861, 83A33961, 82X73554, 82X71731,
82A47042, 82A38699, 82A24804, 82A23752, 80N30494

PJ_,GEi_3-- INTENTIONAt,L¥ B_NK
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_: _thor

87A13055ISSUE3 P_E 349C2_]III_37 86/00/(D9 P_ UqCIASSIFII_[I_IMR_

Mt_terlal _t f_ mtnmted fabrication

S_S; _N: Y.m_mttom]. _ S_msiua a_d l_flhit_on, 31st, I_s _.]es, CA, _ 7-10, L_6,

L_6, p. _B-66.

O.C.

+4BS: Attmt_m is gi_ to cm_x_ mt_als tint yield opt_u_ stn_tun_ properties f_m autnmt_d f_rlcatton
ard urdo_ pmmmt_, in ti_ c_m of la_ c0_n_te structure. _ tm mUrlals pm_mtly ht_td_ted am
'_, a c_om f:ib_ep_ pv_t_g tape of _ dtscmt:imm$ f:ib_, md ,_r_t,, a c_z'om
flt_/epo_-flJ3_ _tn-cmuflt_pe. 1a'd.leDisml_dsitselE_om_pL_luetion_Etheo_shepes that
am d_act_ristie _E_bx_nmt_omtries, H3o_t tsdetio_l_om_mt_l_p_ t:_cal of

stn_tu_ Eabri_ttn_

m_ _ J. _; _ P_ _ _/(_ _tiu_ of Tedmk_, Jet _ _x_t_y,
_); B/(a_l_ _ O_., m _, _) _: _/_.;

O_.Jet_L_b.,_Ymt. of Zed_,_; li_h__O_.,_x_b, Od_.
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sr/o_; 9_xELumandE_-dJzLtimsponmm_bytheSoeietyf_the_tofHaterJ_ Pmmm
_Irem-l_. _ C_ Sw.tety f_: the _t of geteflal azl l_oo_s Eq_imerJ_ (Scienm of kJvaxe]

and Pmet_i_gh_rlrg_-l_. Volum_l.), 1986, 189"/p. l_rlnfllvi&_it_s_ _?-13[I_ to
_'/__.

O.C.

_S: _ lxe_t _,,_,_ m the de__lq_nt status of _ stnmuml mt_J_ cm_e_ topics _ in
arms as _.,tmnmt s_c_ mmf_tudr_, _ mted_ and stmctu_ design _,

mv_mrmtal eff_ts oa mm-lals, _pmite matrix _, cmput_ axteltng fnr mm-1_ and p,-_,
mm'_als &_m2qmmt mrds tn _ ard in Japan, fiber and _ mtnhx-mm_t _t status, and
novel _c mm-lals and tla_r a_xltcattoas. Also dtmmai am _max*-em_tt_ _ sysmm,
mm-lals s_mhle fnr spare aptzl_ttms, pa_y_ _ systms, slmtm_c mtertals, _
chemistries, cemnic and mtalLte sS_tms, and tin impact _f_-._ of state-of-tile-art mterials.

eeeo eoooeoeee • • • eeeeooooeeo • • • • eeoooeoeooo ooeooee • • • eeeoo6e eeoeoo oe • oooe¢ ooeooeo • el ooeo oooo • ee • eooo • • • eo • eeoeo • • • • ee

87AU011# _ 2 t_ 191 _ 39 85/03/_ 4 P_ _ I_Lto/r

Stzmtuml designwith.ewmt_/als

£111i:_, B. C. PM: A/_t ofDzfm_, _mm_cal Bem_h Ia]mmr_ries,l'elIxmme,msUmlJa)

gb_AIXA; IN: Joint Natkral Sgmpmiumon the _ of Aviattm on l_gireedrg and the Future of
_xrmtics in mstmlia, _tnane, _ mgust 8, 9, 1S85, l_pdnts (_7-13_ C2-01). tt_an,
.gmzalia/K'o_eld, vr, _a_ctu_tim of Ergfamcs/li_Keld _ Co., Lq85, p. _7.

O.C.

_S: At_mttm is gi_m to tt_ d_.lgamt smtm of tt_ admx_ smmuml dmign m_axts ahich _t
state-of-the-art _t mt_4als' me in _ pr/m_ stmmam. _ _ in _hich tt_ tntmtmim
of ftha:_ polyaa:mtrlxcmpmitmlmaHmt_latrf:m_stm:U_desigaardaral_ _-_
_ze chm_t_mi. Attmtim is gix_m to strgle-Ny mahanics, symetrle, ort_tn_c and quasi-crti_otmpic
laatmte _, ti_ lmirate stzms-stmtn la_, and such _ ccmpmite sma:mm f_ctom as
mcJzmamtal effmts, nmr-inv_hle ta_ct dan_, and fatty.

• ooooo • • • • e • 4 oo_ (,o • e • • oe • • • • ¢o • e,o e • • • • • • eeeeooeoooee_ooo oo • • • eeoeeeeoe_oooo • eeoeooooe • • • o_eoooooe ee o_ ooo eoe * • ee eoeooe

87AL18_ ]:SSJ_2 I:_ 1_ C,a_I_DL__7 86/07/00 8 I:_ _ DODJI,I_lr

.aumm_tca].tyw_n thz_tlz_t:r_al mm_._ _:_'uc_._es

_m_A/mm, P. s.; M_m,D. 0.; _,A. A.,_R. me C/0_mmlm,_mCmeCo., mSab uD
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spree _Bns. __tia_ra_f_m_(e-e) to_strtE_. _Oa_xn
png_s _ _ _ _tet _ _ _/_ttale o_ Frm_ _ra t_m t_t_

a_l _ into e-e _: _ _xm_s. l:_mstmt_l stn_ trr2r_ e-e 1:I_ _1 e_it _ f_
roe_ _ aml _ _hpt_ _ f_ nx_t cams. _ tutorial __t_tims,
retell.ire tru_ joints _! _ impact _ f_ _e Stnti_ _ngnmts, am id_tif:_. M_r_t_

tt_me s_x_B_s _ _rmt_i f_deatim, _ m_h_eal _, _ gn_t_ _ty.

a, oo o • • • • • ee eoooo ao • ao • ooo • • • • • • • • • • • • • • • • eooo • • oo • • • • • • • • • • • • ee • • • • • • • • • • oooo • • • • • ao oe • • • • • • • • • • • eo • • • • • • • • • • • • • • ee • •

• 1

11m llth_ m SpecialStmls and_ in_cs

&IIH:_, J.

Ca_:.Mrl_x__Oj_l, Urisht-___B, 0Mo. css:(Rxei_Tedrnlc_Div.)_."CO

U.S.S.R. O._,;._u_,_ heh:i in Le IDa_et, l%m,m.,6 Jun. 1985Tmmsl. into_ f_m _dem et l_tm_

Speclm__ (Ft_m), 6Jun. 1985pi--236

8_7423_ _ 24 RFI_: ,6D.K)_5_ _ (2_: H_2/._5_.5__ _KB/CO 453 P,_t_S
IX_H_ US 0_/_m_kUIES ,%D _

AKIIH:_,L. D. P_gr:A/ed.

ram. Li_telby]_R_ CO

C:lm._qi:I_SF._S; la.imimplmldinlRS_rd_,(ldlf., 27-29ag.

ooee • eeoeoooeoo • oeeooooeeee eeeoooeooo •eeoe eeeeeoooe • • oeeoeee Je0 ooo • eeoaeoeooo ooo • • oooeeoeeooe • • eoeeeaeoaooooeo oo oe • •

_(_eakn_cfmm-_alsa'd_,_S': FlmlRegxX, 1.SJun.1.qe2-14Feb.

CID: LNI3H) Sm]_
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_ _cu'n_cs _ astn:r_ti_: A hi_ _dth

0_: t,ht_or_ _'nut:lcs _ _ __n, lhsl'_m, D.C.

_: (D

1_: / _ _ *N_t_ _ *_ *E_I.I_G[_I_

N3_ H.G.

_s. _ hih_ce_:_ _n_'_ 1433 _tated _=.--_ to _ a_d jourml _ttcles of _ _nte22_tml
entend into the I_ sctenttf:ie a_l red.ca1 tnfrmmt_n d_t_sse durIrg 191_. _tatt_ subject
tncltfle: _dym_ic_, _ d_s_n a_i tnsmmmtattm, _ mtedal_, cwm_lcal:tms,

_w_-_ft design a-d r_ated _, mtur_ _ sciences, a_d _ mtie.ir_.
ee eeeeee • • • • • • ee • _e eee eo • • eeeeee ee'ee eee I • • • • • • • ee • • • eeoc ee eee • • • • • eeee ee • eee • • • • eee • • • oee • • • • • ee • • • • ee • • • • ee • • • • • • • • •

_ ISStE 2 _ 24 85/12/_ 12 P_ES _ _ _ I_l

tn'II.: Ef:fects of tt-e:ml c',/d_ a', fl'eml _ md ,,eimical _ o£ _m'z_ _ os,,p_tes

ArlH:A4H.IE_,C. l/.; _P. 0.

Cl_: _ticral _,'urun:ics axi Space ._htnt.stmtim. tmgl_ Itmm_ _mtez', Itmptm, Va.

SAP: Limitedby ]DR _ (D In its_tal _a_'_x,Cartnn,srd0en_icVa_ixOonlxedtes 1985 p 277-288 (SEE
_6-1E_ (_-_)

_qs: / MIU.I_SIS/S_.A'ISll_q_ll/_E SBJI'IYE(I_I_IBS/_P_3_A'_O]NSIIU_ tle_E_ V_I_L_

althsr

_S: tbxated sdvmcsd cartnn<artnn0_')_seq_s,dtocmt_gmd_L_im-te_pezaumegr.le,_na _ to

smm-g_ _e mmmmia__mref_r_.ledmd_mtedal. 'flffi_eh-_'n-thidmess
eq_msim f_xmten_u_et_28_3_F_ma3_dete_h_d. Out-_-f_ete_fle_d _t_Ja_

_:nmgt_ are mtd_md_lby__ltrgtn_m. 'flmx_h--tt_-thi_ thrum1 _

oeoeeeeeee • • ee • • eeeeeeeeeeeeeeeee • • • • • eeeeeeeee eeeeeeeeeeeee oeee • • eeeeeeeeeeeeee • eeeeeeeeoe • • eeeeeeeeee • eeeee eeeeeeee

ISSUE 2_2_RP1_. Rtg,-(2-2/._I.-1E)721_l.55:2_685/12/E)33_I:R_ URIASSIFI_
I]]_SI]E
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ur_ _t _, _ ando_mi¢ _ktr_x oaq_itm L_5

_[:_,J. D. I_." Med.

O:1_: _ticx_ _cs and Spece _izdstmt_on. _ _ (_mt_, Fmptan, Va.

SAP: Lt_itedby:W._HBC: I_

QI):. tlbll3__; _heldJa_l_ch, Ha.,23_SJm. 1._5; __K_ardl_

I_1S: / _ _ _C,_fl[_-Ca__*Q_a_tCIIl__*_ _

,_I. _ _ of the Joint_ C_.._ on Fern1_trlx, (_:n, md Ommlc _atrixO_¢i._m, _ at
_ l_rJd_ ¢n,l_J_y23_25, 1.._5, __ 'Jlmpmlx_o_the__o pL_mt

mdmlc_ mlatel to themmuf_c_ and fatx'icatlm_ of mml mtrix, cm_m, and ceramicmtrlx

¢mlnsttes. _n _,=,t of cemaic f:ibe" a_ettrg eff_m an ce:_ic _ ¢_x_ttm, sllt_n
_ glass andcem_cs, and the use of _ a:qx_ms f_m'_ced sWce:m_ am

the topics m_,_a.
• • oe eo •eoo • • • • • • • • 4_ •. • e • • • • • • * • • • • •eoo • _,o • • * .e • • • • • • *e ee • * • • • • • • • • oeoo • • • • e • • • e_e _ • • • • • • • • • • • • • • o * • l • • • • • ,_e • • ee e_e • •

_g2593_ _ :13P_Z2ff74CaIIl_3_lSl_lh E_-_-232I_6"/9-6556_2931_E__

/_IH: _ T. D.; WigHt, J. d. l_: Mc_p.; Weanp.

o_. m_ _ _ in _:ik, m_rds, 1-40_t. l._ _ by m_, (_S, and (_tm d'V.tudm
et de_ de_

l_: / _ _ _ *_1:_I_ _ lC:l_ff._

HII_/ O_61_ MKII_ _IB al_l_t,17_._fl_ _IB _ $124[I_ _ _

_1: _ _t_n; mtm-Jal _ in :1_ OL_t; ..__ _ _ _mp_te mtm-Jala; and
tl,mml, omtmt mt_-Ja_ _m a_,_. For h_EvJd_ tttlm me_ through R]6-22_.

• • eoooo oo • • • • • • _e e, oe • eo • _ _oe • • • o_ • • • • • • eeo • 4_eoo • • • e • • oe eoq_eo_eeeo • • • • • • _ • e_e oe_o • • • • • • • oq_oo eoee • • • • • • • q_e 4_ • e ,_ o_ oe oe •

Aim:

St:n_uns md mt_a_ tm_'mb_ issues fix"nsmb]e _ vekic.ks

UqI_ S_I_S; _smmd at _e _A_Q_ 85 18_ A_n.
28-30 0_. 1_5
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AI_: P_ect space _ f_: both civil and _ reeds _ m_t_icant _,,_-_ in stnmtunm and
m_ _ f_: ramble lam:h ",_hiel_: mt_tiom in _a_:_l. eight cmpm_ to the Space
Sh_t.leOdoit_o_l_pto_:m_'e, apo_ihlef_t_co_5ocm_____, _ in

ms_um set t_m_anau of tim _ _, _ eontatmmnt of cx3s_c hgimgm and a_y_m,
_dgniflcmt mtmtiom in q_ational oomm,and _ less lind tim bet_m tmdrok_ nmdtmms and
initial op_ational mp_Llity. In addition, flmm is tnmmuirg intrust in h_m_nic _thing
ixcpoluim fr_ launch and _u_._lc vehicles,and suchsystem mm_ m_mmmti_.ly cvah_ stmmtum.

_ ism_ are _'_-:__, givirg t_f a_mmts of tt_ stat_.of-tl-_.art ard _ activities
tomeetthe techmlc_ mquixunmats ina timalymm_mr.

SAP:. 096479tt_]_I_. (_); _ 1_, t_. 4; PP. 32-36; S_P. 19_; IS_(I_5-5319

ABS: _ _m_kirg _vimmmts of aimmft, _t," and low earth o_it_ po_ unique mmfnmical
thmmal/mdiati_, _mustic, and other stnmmm. _ article _ howand _ieh eoqx_tes appmr to be
tim mateial of tlne fxmae frr _ _ appl.icatlms. Subjects _ include _ts, matrix
rosins, tim spmlal reels of _ f_ space, and _alicatlans in tim spree d_utt.le.

_dzd _ Sympmlm m _f't mte-lals in spare _t (I_ _-232).

AI_S: _ _ t_cs _e dmlt _uh: ccnmmhnatlm; mte-lals in I_ c_hit; _ axl _;
ampmlte mate'la]s; m_mcel mateflals and _l.lcatims; rod, theml central mteflals.

ISgJE 19 _ 2751(Y_]_3_ 24 _ 307
_3

m'_ (Iga_n f:Ibes md their caqmsites

_, _ _ OF; l_].in and _ York, Spt-lr_r-V_hng, 1.q_, 207 p. I_ Irdivldml item see
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0._

l_ez'lc mtrie_, f_z-l_tim and d_ m_ f_r c_om fl__ eo_x_tes (_s), the
a_l f_U_ b_z_lor of (_s, (_P _limtio_ _n a_no_, and the P_ _-tivities in _ f_bz

_zod_t_n of_=il, _ Chim, mi _Jth[_xm. ___sazelx_smt_i_ t_t
of mtrJx _ d-_m m pn_z_g _mtng, the d_.]ol_mt of _tt_g _ mtrtx n_s,

q_t_imti_, _ _l mr_ _Imttors of _ fiber _ts, and hionzliml _.i_tim of

•eoo • • • • • • • 4 • • • ! • • • • 04o • • • • o4o0oqo • oo 4 • 4o0046o0o0 • • ol • • 4o044 • oo • • • • • • 4 • • • • • • • • • • • • • • • • • • o0 • D • • • • • • • • • • • • • _ • 44 • 4 • • • • • •

_ ISlE 16 _ 23_ C._EII_ 39 85/(DKD 7 1_ _ I_IMSE

_); c/(O:In_us O3_ _m_, ea]_ _m, CA)C_. _

_: _ in _ Lq_; _z_dlr__Zn_zraC_n_Ozq_n _ Ox_zm_ and
E_i_clm, l_n, _ _ /4-8, 1985. _ 2 (N_-_ 16-31). _s_ York, _rlcm Sodety of
Vedsnlcsl_, 1985,p. 137-i_.

_hor

_t of the O_x_it_ _si_mt, a lx_t_t_ _ _ for _ stn_t_zl
_gtrmr_, is_. Uz_gamX_ib_-d__z_s_nfz_zkt_ti_vithn_s
tmz_zat_ _o_ _t smirch _ _ and m_._ls, tin _z_mty_ _ f_:tions as

eo the mglmz _edes_a_. _ee_z_s_anc_xdlm_es_ m a datable
nt_g_ fxr mtez-ial _, azleoa]mlm_emzb_sc_def_zmq_aclmo_ the eff_gve e]asc1_

of mqz_ee]m_a_es. _e_za___am_da'Ire_he__of_e s-_8
are dilator, mzi m e_mla_of the_aticat_n_ the_'_mma_d_ pm_ dmtgn is _.

• • • • • • • oe _e4 e*o • • • • o o e 4_ _ • • • • • • • • oo • ooo so • o* oo o_e o4 oeo • • • • • • • Be • *_ • _o te • • • • • • • • oo_ • _oo • • ** • • • • • • os • • • • • • • • • • ** eo • * ee s_oo

I4.S.K.

f_m_s _ duiam a_ mUz'laZs fzr a_:mfx azqznm_ Ee _, ah:_ vl_ mmn'Y ad_m:m

_t is of _ _ rmrocm-ad_tnox'v_mf_mmls (_ch cat be _d)_rd

hi_ opsatlr_psauamwlth_om_o_mtdmlmfnr]n_-]if_sm_'_ds. _he fmua_,
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86A31475ISSUE13 P_ 1812C_I_ 23 85/G0/(_376P_ES _ _

Fate-ials and _-_ Pmcedirss of the Fifth _ Cu.._-uLe, I_ntze_, 9¢lmer]arcl, June 12-14,
1.q84.Vahmm I_2

CID. _ ca_u_ spmsc_ byu_Societyf_r_MmmamntofVateqalaxi Pmcem l_zime_.
Ge¢_ 9,-liner]and, Soctetyfix the._dvace_tof_at_aladPmce_i_imerirg, 1985. VoL 1, 185 p.;
v_. 2, 191p. Not.,dtvlck_itemam_tedtntt_sew_tmm.

HINS."

0.C.

_: _ present cmfimax_ on _ _ mterials gi_s att_ticn to high p_._,,..,-L_ _ttc mtrJx
_mpo_tes and th_ mnu_urirg_, fl-efl._mt_dingo_e_le_ __s, the
mmuf_cu_er of I_ cmpmmm f_r_ sexr, t_, a reel high stmin-tn-_t3_ lxqx_, the _muf_ctme
of accurate_ and cm'b_nf-ibe_ lX'efixms f_r remln h_jecUlm, a hel.ic_pter cc_[x_te ml]. tmlt, AI--LI
al.1,_, U_e_tyc_Am11, _ep_m_ialwdgh_ savlr_bmimhleln Rm_e umsg_ ahr.r_t
the use of ad_dm_ mUR-ja]s, __11y_zmel_iandA]._ f:_ _ _l.caUims, and

assebly Izrdirg _th man um_a_ adi'_s. Also _-n_d am rv_ cc_cmte systems for use in
prin_ _ smruzes, accelea_ed m_ist_ _ in _, the _yr.ic
dmmcr_t-lm_m of mtrix msim and cnnposites, tte deflnitim of mic.n_tnrtun_ in hytrld
l_aS_ics, ceanic omlxnmts f_ mm_tJ.,_ _ts, gev3m-_ altaro_i_e crop:hints, memllJ_
_e f_'ics ard their _].icautcm, and the role of S-2 glass fibers in ad_nced c_msites.

8f_._/._65ISS_ 13 P_Z 1812C_CI_ 2385/0_ 376P._S _ I_T

UI_ Feterials and _; Pt-cceeflr_ of _ Fifth _ _, R_nR-elx, 9_d_, June 12-14,
1_. _h_s 1&2

S_. Prlceo£ tw_hmm, _1

C_. _ _ s_sm_ b/tt-eS_iet_f_the_t,_mtedal_n:! P_t_ess l_trm'_.
Gamin, S_rlmmlaxi, SoctetyR¢ _e_tofFat:mialaxi__, 1_. Vo].. 1, 185 p.;
_1. 2, 191p. Notrcltvld_ttemamabsCmcteitntt_sem_bJCeS.

O.C.

?msmt _ on _ aerospacemte-lalsgiws ax_m_n tol_h 1_._,-_ _c matrix

ccq_ms and u_zLrm_cu_Z_, _h_Rtmm_vir_o__ coqxrm_s, _ mdmi_d
mmuf_ o_ l_ cmpommm f_r atx=a_ smmdmy smcuzm, a _ h_h stmln-t_-failm_lXepmg, .tile

_U_e of aa_zam glms _I carbonfiberIxefnmsf_ msln tnjec_Lcn, a l'elic_ter cnwnsite tail mit,
AI--M al.1,_, U'm_mb_tya_Amll, _epo_m_l_w_l_mvi_sd_Imblelnfimxe _

the use of _J_ mlR'Ja_, _1_.je_11_ _ _ _ A1. _ _ _ al:_C_l:iO_ , alJ

essm_ hnflrg with mm _ edhesiws. Also _'_d am r,_ az!x_ite sleamm f_ use in
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un_ Pmcmim_ of the cdt_cat zsum m _redals Ted,nk_ %tzks'_ m T,.=..-,,,=..._ s_ m
__ co=pc_tesl-=]dat_IztreOalc,Sil_ Spdr¢ m 2_-25,_x-il

alto.A/U_ R. N. O:I_: NicvalSurfaceVmpms C_mter, S_,,,er Spring,l'd.

OlD: __.._ES; ttxlei_he.MatttxiteOalc,_., 2/4-25_pr.

H_: / _ _ ]Z_KE5/ ]Ng_._3_ _ _ _ _ _ V._

(too:

l,t_s:

MINS:

aze

m

• • eoe • eee • • • • • • • • eoe oo • • • • eeeoo • • • • • • eeoo oeeo • • • • • • eeeo (,e • • • • • • • • • • oe eooooo • oe oe • • eeoeoo • • • • • • • • • • eo oeoo • • • • • • • • • oooe

Bamst_ Orator,



]_a6526]_LE 22 Pa_E3249_ 24 8_t/(X3/_738 P_ _ D3CLIdHNr

l_mmt adwarmm in cmpc_tes in the Lhited States and Japm; Pmomdir_ of tte _bW_sitm, gmptcn, VA, Jure
6-8, 1983

NIIIt: _, J. R.; I_TAYA,M. _ B/_, tbi,_zsity, _)PAr: A/if).; B/ED. SAP: _, $f_O.;
lu_, $75

C:_: u_nm srg_; s_postum sp3"ezet by A._. _ PA, ASm (ASm Special _tntcal Pdh]/cattm, bb.
864),1985,738p. Rr _undividmlitem see_ to_B_-46._3.

MIZqS: / _ _ N]ESII_.13I_'IE_S/_IqI___ _ _

_ JAPA'q/ MErb.LKqIRIX__PMIES/_ _
SIlq_SS/sA_qr Vltiq_ _ S[F_ARS_q_I;_/S_,UIN _ SIlq_ CClqE__/_ I]T_tW_5/

O.C.

_mg the tc_ics __:_-_ am ]rod cmcmtmttan f_ctam in a chaln-__ pmb_d.l.itymodel,thef:mctt_e
bdnvi_ ef:f_ctsof gml_Ite f:ibe_/epmy matrix admslon, thef:mctt_behavic_of an SiC mtrix

with helical lh f:ibes, dmge initiation at _ f_ _zkes, the fmcttze _ of a flber_
ommt cnrrete systm, fine fatJgtm bd-micr of a]mflm fiber_ ahndrun cuqxsites, metal mtrix
ca_msite ms.s1 _dm to_wraturedmge, thestre_ard_t_ofsm_chpm_,
f:aceplates _ l_Smm lmdirg, and the impact resistmce of fiber cangsites. Also discussed am
ferrite/resin ca_sites for vil_tim daml_drg,_ _ _ mgmtic tx_er axes,
camlx_tes mmf_cttze vith fire ccka, SiC.,--mtnfi:s-mtahmian o:npo_ f:ai_cag_:n, rmm m_"ix canp_tes'

of fmcnn_, t_ flber-mtrlx mectton _e gt_eth kimttcs of Si_ TI-6AI-_V,tile

I
o(.o • • • • • • • • • ooeo • oo • • • • • • • • • oooe ooo • • • • eo e e o o e e e e * e e oe e coo e e eoo o e e o o e e** ee o eoo o e eo .e o oo o e e e e e e eoo • • • • • • • ee • • • eoo

_ ISSE 22 _ 32_8C/_II]_ 24 85/07/005 I_ In _I_ g_3SSI_ _SE

_ 11_ sm_ of U_ art_ _ plastlcs

A/h_S_ _. _ m_ _/(OaPont cht_m_s_nteratioml, s.A.,_ Swit_md)

C_. _ _t_-la_et_CISSq_),mL 73, Arn.,A_19_, p. 29'3..297. _Frm::h.

MII_:

M.&K.

_hnmm_n m _ ccmpmmm_e_. "ll'eattmcti,,_mss_ ti-ea3qx_tes is due to
pin.tim cm,mm:l__. Cmp_mambetrgdmtg'_vlthmiccmu'ucUn_'-d.chumd:_ time
of bone ard u:zxi, __mtm_fi. mt_vh_. _zL_CGrgepa_arxl_L_-n mmi_e tim
atunt_n as mtrtx mmvlals, the _ fit" _ the ht'_ fix" f:ke rem_tton. _u_ct._h glass fibem
line _.tl_m, mt_m_'y_, u_am_y. _-_.lcpamt effu_are _om_mtm_g on
l_lar mi carkn f:ilm:sas_m. (_:onftb_are_r, em_sU'or_mimEe eq:a'_,_,
_,_r has a _ pull.trgmstsmnmandis tl_spn_m_bleinsum appl.tm_m, rmlar_ fiber

lmT_e _ lx_m. _ tma_lmtmr def_m am the _t cam of f_hn,
mt tr ec  m mt m f=
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I_4 am_pace mterials; _ o_ theIntemticm_ _, Bs_n,S_i_]and, Nv_ 12-14,1984. _
Vo]tmes1 & 2

a_ng the tvpics _,_ffi_am__tkrs_tz_zmterla_, _--_ f_ ultnr.lem meal

hm_h-g, s v_ll_y _ __kn at a_z_st'Lc _, e_s_ cs_act_g, results of hot

_so_s_z_ fzz_g of po_zm_zUm__, _d_A_ f__ eVplAca_s. Also
dt_ssss_ am the msm_t_ _ _ _l_e_ l_ht al_ ps_, _ micm_m,:m_ of
_]4m_ A1 al_ pv_des pmd_el by utmmmlc gasa_v_n, dLspesim-s_.ffi_d_ A_ e_usla_, SiC
_dsk__ A].aUvys, sillcm nitrldef_ hot im_tlc _, a-d cemic_ cer_cs.

eeee • • eeeee eeeee eeeeeeeeee eoeeeeeeeoe eeoe eeeeeeeeeee eeeeoeeeeoeeeeee • eeoeeeeeeeeo •eeoe ooeoee_ • • eee • eee eeee • • eeeeeeeee

8S_lfX_ 2_LE 19 t_E 2773 C,_IHI_ 24 8_(D 9 I:_E_ In _ _ _

_ cmp_t_s - Pmsm_ statusaxl f_um tm'd

32,no. 367,i_,

S.H.

Societyof. ,_mvtlve l_Immm, Inc. (S_ _-59"/),1984,lf_ p. _ tndividml its_ sm _-2g_ to
1_-_.

15_



O.C.
I

e_ tud_ine_, dmde_tstamsoflt_densityaltmlnma]._, anmelmetbcdf_r the mpld
soZld ca ionpmcess Zof hi h p  W mmZt   an , md e fine

:Ix_ectlonmoldingof 1--4[] sm.ln]2sssteel,the_ of pol.y'(adr_-:Imlde)/gmphlteadv'amsdemlmsites,
tl_ lX_uctim of d_=-ml_mt amzpm_ structures by mm_ of k-9_1_ composite rate,dais, andmte_l.
era]ration mmt_ls f_r semnfl_mm;atim cmlx_t_ _ win_.

8F_37/_01ISlE 17 P_E 2477CAIKI_ 24 84AXP_ 9 IYGES_ IIXIJdEI_

uriI,: I_ dev_pmmts in c_bm fiber _t _lH: _, P. E.; _, (;. P. BV,: B/(_
Pl dcs and (b., (i dm, m)

SE_IIES; IN:
(._5-37376 17-23).
(:_).-EB.

HatJmal 're:hntcal _, 16_, _, N,I, 0ct_e¢ 9-11, 19_,
C__ Soctetyf_Ethe_to_l_te_miard_ BnSJ."B_L'J_, 19B_, p.

O.C.

ABe: ,_ aoa0unt is gi_m of tim _t and F,=_,.-,:e of the state-of-tic-art GY-SDultzahigh vtxtalus carlxn
fiber, _idch of:f_sht_her_anfl_b'zmml____o_'t_tmtmlu_ thmlx_-_lous flbem of
this type. Attmtimisgi_mtod_mt_s_bed_l'v_lfx_mb'_em__fl___
_, m t_u_e to their cm_sim trim f_,ics_ _, Iz:alds,etc. Rm.we spaces'tzucU.ceappllcation

m'_mt_m of t_ G_-SO f:ibem am mt_d.
• • • • • • oee • • • • • • • • • • • • • _o • • _o • • • • • • • • • oooe_ eo_o • • • • • • • • oe _ o_eoo • • • • • • • _o • _ • • • • • • • • • • oo • • • _e • • oeo • • • • • o_ • • • • • • • •

8_:_37376_ 17 _ 2476G_Lm_]_ 23_ 792 _ _ l_Utf_

_t:ional Tedra.cal Cu,,',-.,,_--., 16_, _, 1_, 0ctd_ %11, 19_,

CID: Sr.,_III_; C_,=_,.._s_byd_Societ_f_:tl_lYvm_mmt_l_ta-JalmdPmems I_glnsa--h_g.

CA, _ocletyfix ti_ _t of l_ta-J_and Proems I_ (l_tlm_ _ Technic_
Sa'ies. Volume 16), 1.g8_,792 p. For IndlvldualI_ seeN]_.-37377to_)--3"/414.

N_ O.C,

"_ pmsmt _,._ gi_s attmUm to the_t stares of mteials te_ in such disuse
as electm_ islam, advax_ oomposite_, mmrlals _ m_, ,,_t_s_.

far mtmlals scleme a-d _gin_-_g, _ md _d _ _._, _,H,-_ ef:_ts m
m_rlals, mml mulx c_tm, glms/ce_mlcsys_m_,azdxzVcmlznmf_cm_ azores, and _dmsi_
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N_I:_ A. IL; N_,L. IL; C/I_VIS, IL C.; W(_q_,J. A.; _,S. J. _ C/_
Lag_ _ amt_, _ptm, W); g/_um Intm_athr_, Inc., _ptm, W)

_: _tiaul _nmmtics and _ ,_ktnistmttm. _ l_emm_h (_mtar, ltmptm, Va.; gmtn_ Int_rnti_,
Inc., l_ptm, Va.

_F_gI_; (._m_'lcmInstitute of ._uu_cs and._cm,a_es, ._msp_e Sekncm gmtirg, 21st, _,
1_/, Jm. 10-13, 1983, ._L_.l_er83-O_)Jounnl_scecm_a'dI_x_ts_ 0_-z_._), ml. 22,
MW-Jtmlg85, p. 2_-_39. _cited:in_,p. K_6,_no. N33-16.5_.

8_/119 _$_,.E 11 Z:K_ LS_ _ 26 84/CD/CD22 1_5 _ I_CI.FSI_

_au_rm-lithhn alloys f_r _ stn_tun_ - _n o_4e_

N.qH: A/flUISr, V. g.; _, G. H.; _, A. L. PA_: G'__ _ (b., _mtt.]e,

CK):

,_- _e use_Ht__al_,_alk_kratzez__turebegm_n:L____m
the mvy m,-_C 'O_.3m_e. _ that initial _li_tim, pint.tim _ md cmcm_ a_t brittle
b_mi_ _ _-tl_ruse_ thmealh_ tn theainn_wstm_mtivm. _, the_nad

mm ef:f:lc:La_ _ a'd _mT,_m__cn'sm_t:Lml'mL'ddrflhd_te_st in _-Lt t_e

__ef:fn_l_a_ebemmier_str_ theesr_197_s h_ ti_eU.S, a_d(kmt lkitain, mt _'me sUdies

also st_enst _ ¢o u'_slxddm. O.ffin__tsffie_fnrthen_r t_ _ of
high_ _thim _ _bm _ _t v_ be_ _- _ _t_ns _rd tint

_ukl flni a k_! Wl_.tca_im h_ _d.s h_w/.
• • • • oo ooeaeo_o • • • • • _ o 4_ oe o*_ • • • oo_oeooo • • • • • • _q_ov_eooo * • • • • • • • • • • oovo q_ q, • • • • oo ee oeaoeo_oooo • oeo • a e • • e,_ • • • • • • eo • • • • • • • •

_j
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CX_P:_ Tsq_, A_ "Ca.

_a_'_ls s_i su_cumss f_r spsca sl_icadcm

/_JlH:/_, J. F.; B_VIS, W. E.; C/_, N. R.

C/(I_ Tem_m, Lnc., L-vim, CA)

CS): [NmH_ srm_; IN: Sm_ SystmsTechmlc_ C_;,==_=, Cram _m, CA, _m 5-7,1984, T_h_csl

(_-3_00_ 15-12)._ York,m_rlcm Imttmta of l_mm_cs and_tlcs, 1984,p. ff)-_8.

G.R.

_: _ _ss_t _tim is emcsm_ with t_s_ateo_ the art in mte_lals and s_xuctu_s fix" sps_
s_cadens, _ into a_omt _ _Jtu_ trends _ _ te:hmlcgies. It is pointed out that the
d__l_mt of the Spac__l_ttle Orbiter _quJz_d sisni_icmt a_anc_ in the t_chno]_Sies of stzucttm_s snd
m_'tals. Some of _ sd_nc_ are rela_ to the _ thrum1 ptutmtion s_-_m, the light _ight,
high _ rain f2_m tram stroct_, and tl_ _xtensi'_ us_ of ligh_t _tes f_ major _ts.
Attmtion is gi,_ to the tile/i_/s_stmte I_il_, the rmote mmipulator systm, the am _ dmign, t_
sp_ _ mj_ _, a_d oamm:tior_ oha_s f_htt_ _o_ to g_hite almimm.
Stzucum_s, md-mlsrs, _Imm_L_Is md_nlq_ymeds f_spsmsts_ms_,H_--_, ands fimm_ spsc_
_tlm sys_ Is _.

• eeo • • • • • eeeeeee • eeoeoe eeeeeeeeoeeeeeeeee eeee eeee eeeeeeeeeeee • ee eeee eeeeee_ee • eeoeeeeee • • eoe eeeee • • .eeQeeeee • • • • eeee

Ir,tm_tiaral _ _mtsr, _oumr, i 0_s, CA) 1_: A/_D.; B/_D.

_P: _mi,_m,_.; ,--"-'A_ _, S_

m -_-_--J_clcity as a_cos_pm_c_znmu_xl f_r _mmu_cua_of _ co_pmmm is

axi cavim_ tn_cal.lo/s. Sps:i_s_ssofsu_t_.h__c_of m_ls;

157



_nn_1_-_[c fil-lrg ofdJeL, tmtsl. Att_tlmlsalsogi_mtna_ncesppllmtlonsofSt_srd _ _d
at_-imt_r_ of _c dnet fix_ir_. For _dlvlc_sl itms me _-3677 to _-32687

• oQeoeoeo$o • • eo oooooe • eoe ooJoo • e o0 e o eoo ooooo • • • oeeeeeeooeooo • • eoeeeooooooo • • • oQaeoooooo • • • gee ooeoeo $o • • go eooe eooooeoo

UHL: f_etE_Ozic _ of mt_l-mtz-Jx _tes e_sed to ele_r_ r.z_zaace, _ _s_cn
¢w_-xnm_ts

CID: _ sr_IIES

IN. _lu_Ical _n, lor of m_l-mtrlx _s; _ of the _un, [kl.las, _, _ 16-IS, 1982
(_282_ 1.I-_). _brm_, _ _'e _l.lu_zl _.le_ of A_, 1_, p. 8_-_.

_S: / *HKIIKI_ _ *I_£_H_/_gI_ _4HI_11_ _-o/_4_AL _#IImX _SI_/_fl_SIIE I]E_II_

l_lq5: /_ _ N.LHIHI413CR2/_ FARLI_ t4[II_ SIHI_ Q_IIE5/13_SRE 'IE_5

,_: Ele,_mt _uxe, _x_im__l_.,xc[mmlm_x-lx_sis__ in
siss_ designs. Tm_le_stshsmbs_e_m_tmimclsdixxun/almin_ (B_/A1) mt

st.ltocn caztdde particulate ndn6xoat slminm (StC_A1) at _ tempemtx_s in air after a 2 ndm_e soak
to d-mactm'lze tl_rbd'm-1o¢. 'l__o.ns d'atwc'ee_L,'_tm]xde700F, 900 F and1100 F fix" the
• _B/_o_teard_O0F, 700Fad _OOF fz¢ theStC-p/Al oom_te. _1_ l_p_: m£1_ts tl_o_k ti_t
_as _ onmcho_tl_f_ilumsucfaemofth_vadomt_,_L1es_. Failummodes _
id_ti_l f_r t_ _ f:tb_ _ contrite (I_(]_M)but _mt as _ f_ the
discmttnnusly _ canlx_ SIE-_A]..

8_T297_ _t_g_y 12 I_: AD-I_ SD-_82-1C2 8_ 96 l_ uclA_sn_m) I_ us 0_/_I_

_D: _sr_s; _xie_l_ltn_,S. _,., Z_-_S_ 1_

H]lqS:/ _ _ _ _te_L.V _ _ ]]O.HI_AL HA'qIS/_ (]q3EM.,

_ Stt_B _
• • ao • oo • • * o0 qJ • eooe • * • • • * • o_ • ooo • • • • • • *e (,e * * • * * * • * • • • * * oe • • • • * * • • • • * _aao • oo • * • • • • • o • _,e o e • • • * • • • * • • oo* * • • • • • • • • • el • • aquae

C_KtI_25Z_N_. __O..16C_ll_: __69_721_S_1_CD!_ US
0C77_ A'_D_

_ Y.,'_:mu:_n _ _., g_ght..__ A_'B, CIr.

I_IS: / _ _ __,,._I_CH:q_SI__*I_m_* _ *KN[_ HEIN.IIIE_ _

/i_7,g_ _/m'g_o'_ _ / U.S.S.R.
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ooete eoooeoe • • oo oo oeeo • • eeoeeoeee • • • • • • ooooeeeoeeoee4 oe • • ooe • • • • • eeeoeoeeoeeeo • • • oe • • • eo • oee • ee • • eoeee • ee • ee • oeoe • • oo

83_3"_I# _ 17 _ 2516_ 37 83/(DA_ 6 P/Z_ _ _

Ol'IZ:I_ metalmdmlc_es in _ omsu_tim

"_ _ A/SAItd, K.-.F.

(ID: _ I_xrde:-Pcst_ Rlltlm) (ISS_0212-5563),no. 2, 1983,p. 46.-51.

A.I.V.

AI_: _ _ met_fl_cs _ with t_ lmtmt:l_ f_ _ t_ stnmuml _ht of £utum

ate pm_nmt. _ m_issh_nt_emlalethe_tlmoffSner micmsmrtums and

mdm_cal IxWe-ties in_tlamlmdnmelslmlnmal.k_. _e_of_m_lacctc sheet mtal
fm-lrg _ withdil:Rsimbaxllrgis und_ _t ss a rams f_r tlmloa-ccstpmdmtim _ integlal
timnitm sheet mml a_m_ticrs and is also being tr_st_atel for use wit suf:f:Iclen_ys_T,_pla_tic

a_m_am auras, z_atty, _va_ceda_m_amcn_g_ofs,xt<mt_gma_cast_ax=
f_ the _d_t-lm _ _ _k_tim a_i_Lr_ costs. _e pot_tisl of other metals

te_alcg_ such as lithium aluninmal.l_, tl__tiaac_birdtrga_lspot _eldtrg, hot iscstatic
[xemirg and omlx_tes is also mtel.

eee eeoe*ooo oo • • eo • • • • • eoeoo oeooea • • • • eeeeeoOeooeo oooeoo oe • eee oo oeeoeoooeo • • • eeoo • oo • • • • ee e_eeo • • • • ee • • • eo • • • eeo oeoo _o

83A33961]ZSE 15 P/_ 2136CAIHI_ 26 _ 7 P/_ESIn _ _ _

Aspectsof me_ andmmuf_cturirgtedmlc_ _ thes_-_p]_tic fxzmingof TiAI6V4

--_ _ Aa_n<, V.; _ P. J. Pata a/_ gJ_gtedaxisdmWezke _, _mrm, West Gesmny);

l_'_tt-l_2d<m,-l]fldm (]_bH,llnich,I/estGes_m_t)

CID: (]R_q_,FKII_ALI_IRII2E0F

_: l_hly stmmsl mateSals,withsdatlm _d as m _ @g3-3395115-26).
__t fxnr_tal3e.x_, 1982, p. 129-125. InGetnm.

CIBtn:_, West C,_my,

._Kea G.R.

NFa _I_ titanium_ _ has high _, kl_h-tmpeatt_ _ty, srd satis_tcty cm-t_cn
_. :In this cmmctlmltlms_mmen_smx:tmalmt_-lalf_tlm _ _.

ltT,m,_, c_ f_ct_tsmlateit_m_t_thisal.l_amhtl_ (tntxr_tnnudec_tita'dmhave, in
nn_t: eases, ac_ f_mb _mdmstmqalkems of mxe tl_m90 pex_mt In _tlm vlthmsddni_ cpemtlms
sm not usmmm. _ sltmt_m puT_das tlmmti_tlm f_ref:Rx_ t_deve3_ nw mm_ cmt-ef:f_ti_

maxf_-lng _. Supet,plm't:ic _ in _t:im _th _ _,_3dir_, cr without it, _ it
pmslh_ t_ pL_msti_mhua'_et_mms_nT_1__ichc_u_imtbee_m_ bssls

_m_tlaal IX_C_m_. It s_11r_ be fmslb_ t_utili_ uxz_ o0_smmt _r_r-_ru _id_ _ leBd
_o savingsIn_mt_t. Attmt_mls_i_os_k_chl.sb_hEcm_t_lln_estC_u_ the
d_Je:ti_ toutilizethe_ _ f_ sam specific_ _sl_t_ms.

_oeo_e_*eooo oo • • oeeeoe*o_o_eo eeooooeo oo • • oo oeooeoee_eoooeo(,eooo • • oeeee_oe_oeo • ooo* eeoeoo •eoo e_eooe • * oeeee_oo

(KER__._81/I1/U33_P_ES_[IXIMRr__

UrR__ t_hsalc_f_f_tt_e_a_dt_tlm_. Vohmel: E_m_i_summy_.. Fiml

l_x_, Jun. - N_. 180 159



C_): _ _J_]_; _ght-Patt_n A_, Odo

_: /EN_E PARI_/M_Z_RY _IZ_ _ _SS_ENr A_-_0N SI_JI_
eeaea eooooe • leeo • ee • • • eee ooo • • • Qeeeeee leet oeeeoeoooe • • • • • eeee_e_e_e_ee • • _eeee_v_e_ • _e_eeee_ee * eee_ • _ • • _ _ • s •

8Z_1731 O_II_ 26 _: AD-37849M_-_-29 66/D6/O_ 58 _ _ _OJM_r tB O_ _ES

Soviet activiti_ in the f:te_ of a_mdrtm t_hnol0_ fabdc_tirg andc_-_[rg _actic_ 0J)

o_: Dodge_. V.) O_., _b_Yod_

_/_.AL _l:_ll_ __ _ / U.S.S.R.

82_7Y._ I_SUg2_ P._ 3_ _ 39 I¢_t: IAF_I_R82-38582/0_/(I_12P_S _ cOcu4_r

(_D: (_IEI_A_, _ _ OF; _t_-_tioml _tzunm_c_l. Fcdemticrb /.nten'_ti_ ,_xunmticsl O_g_,
•33n:1, Pa_, _ax:e, Sept. ZT-Oct. 2, 1982, 12 p.

_1_15: / _ IAI__.,/O_blFII__I_IT_ (_]HI_SBI_I_ _I_S _

N.B.

_s_ _ use of fll_'-.mtnfnn__(l_4) msm=uu__s___is evahnted. 11=
of a md_et'sstnrttn_mssmtl_a_l_l_lJn__t tsdete_dr_! _ the

_._=._ cslo_ttms f=rseveml_ nxt_ts, them_et stn=o_esM_h_xfld sdvmmgemsl_ be
by stm:tu_es of I_! am _Mde_, mi d_e m_ _ d_e_mp_oe mt_Jal stn_ns s_e estimted.

._ tn_ s_m smzu_ fzm u'_ sm_ s_ c_ tie _-dme 1 m:ke_ ts l._mi m m _t_i _spl_

md_ to tl_ em_ticmlmtal, emstt_ttm. _sm_tuml. cmc_pt f_ tl_l_cmpmmts islms_ m
a d_R _ m_t_ _z_e_n, d_t_ _ ¢_ _ _tm _h tmm_,_! xc-_g_ _ m.dar _.

_ _.n tn be flecible md tf= su'ucunl _ cm be akpmt to local lzck_sm _ _ _d_ccim
_" a._-ans, maddicim, tmshn/_suu_mdeh'anQ_'e_m:leml_tedfnr_
mt aviation _l_m_. I_ load rr_n_m _tmm _ t_m E! _ fltl:irgs a pmtt:t_e

f_ bothtm_knmt_tsumd. Ittsfzmttl_t ti_eum_fCl_sm_mm_
_¢_ tll _ght _ em_krz_ f_-k_ttm almtnm _m_.

8_.K:28_39_E L9_ _ _ 378_07/_ 9 I_ _ IXI_4_

t.¢_ l,am¢ -,_]d_ - Sm_ oE the =-t m_,t.

_ j. e_ _/_, u.iv_sity, uum_ _L)
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_: _ _lvant_ges of _ w_ldtng, rivaled cnly by el_trm tmn__kflrg (I_3, are enmmated, and its
trlw_iplesand_mblm_eeqdair_. Stuflesofl_ecw.ldstnalminmavflits_, steel, titmimand
its al_, and irldiumalloysa_e_ted. _w.ldirgofaltminm_h__ to be difficult

of high_n_fl_ctivtty, mtht_hammtsofpov_ityoftmappmr. Asysmmttesttdy of the
laser _ of 1/4.-inch thickAl-¥g _ ([_133), us_g a 10Id/(I_laserend a 8_s _i_i_ sy_ten,

p=csity-fr  ]ds.    hssbEmthemc c mmtvd f r e]dtrg the T -6 -4V
titmium allw, but ith_sbemfvmdt_atO3_las_bem_m_beamomefficimtmthod of _ this
al]w. _ _ have shownno cracks, pormity oc iw_lmiens in __w_-_-_dly_]ded Tt-6A1-4V. Also,
it is t_zrtedtt_t, urde:gup_ntitiom, tt_fat_zeh_mcteristieso_ ___m in
the t_m rata1. (lmzsites d'_flrg stnctuml variations and the n-mmd._cn electrm mi_ of the
T1-6A1--4V_ are irr.hfled.

fmettme chm_etedsttcs of a _ of notd_ _ lmflmtes

s.; s/mm , P. v. M.  (k tothiv  ity, k to, S/(r ts FomchreS-und
vem,_alt f_r Lure-undRmd_-t, Institut fmr _stnf__, _, _est C_my)

J_P_

C_p_te mted_; Z_ctt_e mt _,_-_en v_ttng, cmsts_, west _, _ 17, 18,
(._2-7/4D1 10-24) _, _ _, []mtsd_ _ _ l__, 19131, p.
Ge_m.

1980, l_xxl:s.
197-214. In

MII_:I CI_ P_ FAIIII_M_ _ _ESIYgSII_ _/_

GAt

of tl_ zmsms f_c c_ufln da]a_ wl_. respect _Da more_'_mmd _t of light ftbec_
plastics is _.lated to tt_ cv_l__ d_ct_-'l_cs of ttme mterlals, in p_'ti_ _ _th
_t to f_t_u mm'-s_cs. _ _ tn_stt_ttm I'm the dr_-ti,_ to find out _k_th_
f:mcUxe-m_'s_cs _ mploysi in emmctim with cm_mticrsl mterlals am also be used f_c
f:tbec--rein6xusi mtectals. 'l_mtertalssmtiedcmsisto_mepc_mtrJxin_kd.ch_fi]sm_ts are

esl_l_. Osmp_tm in Y_ids tl_ fit_m are al_sd in _t dL.rtions are surtied, tsidrg Jnm a_vunt
effects r_.]at_d to fie crtmtat_kn ofti_L_v_dual]a_ardti_]_thlcknms. It is fru_d tint

bes_d m ti_ curept of crack v_mm _e not suited f_ a P_dictim n_Ung _. Rdnt
md mm strem criUrla failalso to pm_ this in.retire.

• • ee • eeeeeee _eo_eeeoo • • • eeee _e, _eo a_o • oo o_olo • • • • • oe ace _o_o_eooo • • • oeeeeoeoo_ • • •eoo o_ooe • • • eoe_e oe _e ee eee oe ee_

mm_ _ M. m_ A/(unlt_Ted,vlcg_ axp., _ _ _Iv., stmffmd, cr)

LNI_D StolES

ge]dtrg _ fiz-ti_s_m_psceirdmt_, _of ti__, l.ssV_ss, N_, 0ctvb_ 7,
L_. (._D-Z37_ 09-37) Yds,, S_,, _eri_m _ Scr..L_, 1981, p. Z-_.

89
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AI_ V.L.

So]/d-e_e JoL'_E _ cunstltut_Ea _ cate80_of dlf/IEdnn_ ate revi_ WithL=_=,a,c_
the mmllu_ml aspectsar_ k_y_ of thep_ms_, equipmntand t_IJ_, mta-ials,md

m_lRimtims. Specificpmcmms emlmd imludef:rJ.ctim _el_g, _ve _IcUrg,_ _l roll
(yi_ omtm1._), fz_ ,_li_g,gaspmss_'e_ (Imstatlc),v',o_dif:Rmtm _ktlrg

(cre_ emtmlJ_), press or die pt-emmm_.ldi_, and transient liquid _ barzltrg. Otfer _._
,N__-,,_ imlu_ cmOnns sere,H_,_ tmi_, cre_ isostaticInssirg,-_-_1_clc fcmlnz/diffusim

tmt_, a_i_ bmz_ _.
• oeoe • ii o o oo • • • • • eeeoe i,o • • • • eo • oeeeeee I ii I II o ee o e eo oee i • • • e e e eo e l,e i o o,+ • i i+ ii e o eii ,i. o lie • • • e,l. oo • • e e e • • leeo eo e,l,l o e o o o o o o o

81_aY+W.,# IZSt.E21L:R_2823_261:R_: ++_).-bI3B6427(I'_: I14,-,I_O-77-G-O11II_L:RIL m-611_--_-57_

59 P/_ _ _XIM_E

_e role of _ in tim strum om'mnm _ of high sU-e-gth At_ alloys and mmsil:tmet amtenitic
sminless steels _Z_: Fiml _ma_ TedmicaL It_

_:A_,L.; _,M. G.; _H. M.; D]BtMPEI_, F. J.; P]_N, P. _.

cmP: _er_ChU. ofSclmmmd_, Lazk, (a-gt_). AV_

CID: _ _

FJB_

.41t8:_n _t_n tnt_ the effamtof_amamofAt4h-l'galloys t_m_valx_ has a'zma that 1!_x1_,
laXXta_ by tt_mmtimisalamxt_b]l_tht_all_gm_lxmtadmandmtrix. _l_emmnt of akmad_

d_amds m the lc_al ohmis_ azi ttm mtal/adde tnm-f_e and is tnflaez_ _ _ __.
Atlntnmmt of a crltlu_lomomtmtlon of dlssah_lhydt'_gm_n thebomdarlesle_ m brittle tn_,l_r
fa_cttn on the sulamaipJmtalRalt_lml_nofstmm. Attagnnmtofacrlticall_z_gm _ncmtmtim in tim
mtrtx _ m _,_la_ _ fmc_'e. _ Wm the_ _t_a, ar_ heat tmammt
ht/al_ _ _smm _ cm tm fix_ at mimble sitm _tt_in ttm all_ such m _ _ _.

Rmmttm of gmtn boaxia_ ht/xlm mdtms etrlttlemt !_ _ ttm _ __ _ __
It ts_ti_t tl_int_:i_ofst_rd__wi_ti_xT_ cr_teda

that such _ am _ _tOm_t ck_tr_u_l.
e_ o _eeo o e e e • ee oo oo e e e _e e_ o o_ o o o o o ooo oo o e o o e o o _ooee_ooooo e o e o e o_oe ooo oo o e o o e o o oe _o_oo o e o e eoo _o o o o o o e e o o o eoo o_ • _o

/
V
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No.z S2 Title: Structural Integrity Verification

Operational Requireaent:

Provide on-board structural verification for recoverable vehicles.

Rationale:

To avoid extensive recoverable vehicle downtimes which severely
manifest capability. This downtime causes drastic increase in life
costs because of reduced flight rate.

impact
cycle

Sample Concept:

Recoverable structures designed and manufactured with adequate built-in strain

gauges, corrosion sensors, and BIT to provide adequate warning of structure
deterioration.

Technolos_v Requirement:

Determination of sensor requirements for structural integrity.

Development of required sensors to detect corrosion, etc.

Technolo_7 References:

NASA/RECON: 87KI0697, 85A47011

163



87KI0697 (HD-C_) _ blk_-25141U.l_: _ _ 2470_ _ Natlaml _ El
,_ulnistmtlon.I.edsl_mm-ch 0mt_', _, Ohio. Prattmd _hiUmy Ainm_, BastIkrtfxxd,Corn.

_m f_r cea.ic cmpmmtsin__s_-_em_lt*l_lO, 19871 _ 9, 1990
I_q3RIS I_D Tech mmitcr mt _

urn_ _e_mce of ca_e_e stresses at joined tnte_acm ush'g ulmmmic ndRecttvity

NJI_: _, D. 0.; _, D. K.; _, 13. J.; _ J. F. I_J D/(II]B, _s Labomczy,
_es, IA)

_ sr_Es; IN..Nm_lestn_ti_mtixds fnrmte-lal_ detm.lmtion; _ of theSympmi_
Ikml_, _ _ 6-8,1.q83(AB5-4700122-_). I_ Yak, Plemm Prom, IS84,p. 171-177.

G.B.

A pmhlm of ax_-_h],+ interest is related to _ r,zcksU_d_ deu_mm_adm of _e _w omlxr_t
of su_ tn,_sld_oftn_fasm_m. _musml__f_suess mmszemnts
am mtsuitet f_r tfieem_[dm_case, l_egesmt _periscmmm_vlth_ts_hichwce&tatnedin a
study o£ Nittml cmpln_ by rams of a pt'ocet_ _ utmmmic n_fl_tlvi_ allsuitable _nr_eti_
cn_epts. _dmol, a nlckel-dta_ima1_, isa shape_ m_rJal _hi_ _ a mulet special type
of mrtewltlc b_tlon. _e Nitlrnlfim_me_is a a_x't,thick--_lled_ c_. Attention is
giwn _ aspects of smile Ix,q_tim md suess d-emcmrizadon, uluas_c __ts, md eq_Jmmtal
resultsand inmt'ixem'cim.

• • • _oo • • •. • • • oe ooo • • • • oe • ooo • • • • • • • oo • _oo • • • • • • • • • • • eooo • • • • • • • eo o_ • _oo • • • • • • • • • • • • • • • • • • _oo • • • oe • • • • • • • • • • • • • •
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No: S3 Title: Integral TPS

Operations Requirement:

Eliminate time consuming critical inspection, repair, and test of orbiter-type
TPS.

Rationale:

Orbiter tile has structural characteristics akin to hlgh-denslty styrofoam,

i.e., it's brittle and delicate. Strength of the bond to vehicle substrate is
critical and very difficult to ascertain. Repair/test/validation of TPS is very
time consuming, requires expensive GSE and high-tech test equipment, and

multiple eyes to observe/verify procedures.

During Nov./Dec. 1985, 514 people were assigned to the OPF. SPC WBS 1.1.1.7
"Orbiter Tile Operations" was staffed at 123.2 people. 82 of those were

assigned specifically to 51-L TPS support and performed the following work:

WAD TTTLE SERIAL HRS.

V6028 Orbiter post flight TPS inspection --
V9024 Orbiter TPS maintenance/operations 60
NIA Orbiter TPS waterproofing 168

V9022 ET door cycles/TPS operations 120

V6035 RSI pre-rollout inspection
and upper surface waterproofing 71

Total: 419

The 51-L as-run schedule shows the first three above operations starting as soon
as the Orbiter rolled into the OPF but does not identify how long they continue.

The STS-XX schedule allows 60 hrs. for both the inspection and the maintenance

operations and 168 hrs. for the vaterprooflng.

419 hours is 17.5 days, or 2.5 weeks. Each of 82 persons can be expected to
have worked a maximum of 60 hours/week for a total of 82 x 60 x 2.5 = 12,300

N/Hs TPS support for one flight[

TYPICAL TPS WAD I;ORKIFLOW

o Tiles replaced 250
o FIBs replaced 30
o Gap fillers replaced 550
o PRs worked 850
o DRs worked 200
o PCR data sheets 2,900
o ONIs 7

To corroborate the above data (and further condemn shuttle-style TPS) the

following data are provided for STS-31, orbiter Atlantis, launched November 26,
1985 (flight 23). Data source is the Shuttle II Data Base Development prepared
by SPC subcontractor Pan Am World Services, Inc., dated July 24, 1987.
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SCHEDULED MAINTENANCE r SYSTEM 09 t TPS

TASK _L_N_OURS

Technician 10,636

Engineering 9,466

Safety 851
Quality 4,042
PP&C 2,340

Support 19,677
Logistics 5,637
Overhead

Total

NOTES

i. This data for STS-31 only
2. Headcount 264

3. OPF Dwell Time 27 days

4. Orbiter Challenger was in parallel

processing during this period.

The follovlng supplementary data are also extracted from the reference Pan Am
Shuttle II Data Base for STS-31.

STS-31 TPS TECH RANHOURS ONLY

TIME TECHS MHRS

OPF

TPS Post Flight Inspection and Repair 164 64
OHI V7253A, Orbiter Window Polishing 70 2

VAB

OMI T5245A ET Nose Cone Fairing c/o 19 6.4

OMI T5245B Nose Cone Fairing Trim 4 6.3
Total

10,496
140

121
25

MANHOUR COMPARISON FOR THREE MISSIONS

The Shuttle II Data Base also provides the following TPS manhour tabulation

b3S for missions STS 31, 32, and 33.

DESCRIPTION MISSION AND MHRS

gBS Klll7 TPS

. Repair/Replacement
• Waterproofing
• Modifications

Totals

STS31 STS32 STS33

I,184 147 I,158

0 2_ 0

Sanple Concepts:

by

Provide simplified, skin-integral, large panel, "old technology" TPS, i.e.,
temperature resistant pyrolytic graphite, metals and composites as proposed for
earlier STS concepts.

Reexamine and redefine reentry mode to multi-skip, once-around reentry a la
Sanger, and reexamine cross-range requirements impact on TPS configuration.

Requirement_

Development only. Previous studies/designs utilized much less sensitive TPS.

166



Technolo_References:

NASA/RECON (abstracts attached):

86X10037, 86A18037, 86A15201, 85XI0346, 85N12085, 85A38450,
85A28801, 85A17092, 84X74531, 84XI0382, 84X10381, 84X10379,

84X10376, 84X10375, 84XI0374, 84XI0372, 84X10371, 84XI0366,
84X10356, 84N32505, 84N24709, 84A47046, 84A42651, 84A41928,

84A37496, 84A37494, 84A37493, 82N23262, 82A31896

Conclusion:

A robust, low maintenance TPS can reduce the KSC shuttle equivalent headcount by
at least 123 persons. Unquanttfied benefits would be very far reaching in cost
and schedule enhancement. The Phase 3 Addendum to Phase 2 Final Report, "51-L
Vork Volume Indicators", dated September 30, 1988 (page 3) shows the SPC skill
mix includes 32.1X "untabulated administrative" (QA, safety, secretarial,

analysts, clerks, security, business, human resources, etc.) Applying that ratio
to the 123 heads above provides a conservative additional reduction of 123 x .32
- 39; for a total potential headcount reduction of 162 people.
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_tiorel.4mmul:ies ard Spme.4ckflzdst_tion. Iang_l_m_Oml_, I]i_m, Va.

I;l=:l.ted by ]_tlnlts_'vm. in'B:'S_lSt:mct, fz:=-Sp__t:lmSj_-t_p3(B-'_(.'_ _13_,-1fl_
0_-16)

am'z:r

_ multbs]Z azl-T,=_n,_ _1_ amq_ hs_ bern de_bt_ tn Izouide t:l_ml pmt_t:lm _,-

,,,,_t:l_ =inept o=sists o_]__t:tt=ntunfni] =r_tn_t_.tt_di=p_t_a_p_ ad tt_
_r,.,513_ _ _ anstst_artoJt_ar_617_sm:i_:h, f:ilzous :lmulat:iat, m_i m
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titmtm hnn_n_bsm_d_ _he_o_e_hcn_ptaze_dvithbe_d_, thus fmn_g
discret_ pme_ nmimlly 12tnd_squa_. Ihispap_rL_e_M_£f_cat3m tests atmd at es_ a
l_it_l data b_ fzm_bid_ the__ f_mreentry_mhie.tescmeralmte the__W of
¢m_epts to tt-eir _el_. _ resolts _ tf_ml, vJrd tunnel, v_mtSm, acoustic, mt_
al_CLm, and l_hmir_ _ tests are pu_m_.

• • • • oo • • coo • • • • • • • e'o boo • • • ooeo • oe eee • • • • • • og_ eeee ee • • ee • • • • ee eooo • • •eeoe • ee oo • *e • • • • • • • oo • eeoe • • • • • • • • • oo • eee • • * • • • • •

8/._10371"__ 8 _ 16 84/07/00 41 I:_ES _ i_0CU_I_III4_E

_: Limited bylTARInl_Sh. I_nffJey_Omt_. inIIBandStnx:t, f_8_e_tion_st_ns

p _61-3_ (_g. ]_4-1(IL% 08-16)

CID: _IEI_D SrgIES

BoWl

A t:Itm"dumm.alt:L_a_].1,p_r__1._de_:tgrm_Jar_:1f:_d:ri_te:lf_or_um_s_a__q_cevel'xiel_ _ m-e_tz,l

__ _ _ _ K (2_50F) and 811 K (1000 F). A p r_,t'-_11ny'_t_.um silica _t_tl_h psr_].
de_ and fi3_icatefl f_r _ _ the re-_try t_pemttm_s mr_ bet3_m 81.l K (11200F) and 1366 K (2000

ID. A mterial _ _s ccrd_tecl.(Ionpute:stnantunaland thenmlaml_ _e _. _ mterlals
_m chedo_ f_r emittmm. Spee.imms _ re,eft f_" elcr_tion, yield, and ultimate strength. Semhrlch

spa_trams _e tested in flatvise face tausion, _, and bean £1em_. _e tests _e cm_ted at
man and e]_at_d t_pemtur_. _ and _ omdmtivity t_ts _m _ on fnll-si_ pmels.
In this p_, only the _ and mmsf_turlrg e_l_-la-c_ v111 ImP.

e_ee_e_eee_e_e_eeee_e_e_ee_e_eeee_eeeeeeeeeoe_e_e_eeeeeoe_eeeeeeeee_ee eo • ee • eoe_eee_

_J_t

S_.

_SN_, P. 14.

Nat_ml _es and Sl_ee _t_n. _ Iie_srch Orate, F_f_tt Field, Chl_.

U_ted b_]_'_ZnmS_. L_l__:__rt. _n_SmJSt_ct. f_Sp_e_nmepz_ctongy_em
p 179-192 (S_ ]_34-103.5608-16)

C]D: I/q]_1_ SThl]_

_o these_ fabricationstudies. _mate: smrgth mtmtlm atlflShertmpem_me appmm
pmsihle_t_ thisclassof ommlc _s. _-m-dim_dm_ _o_m stmcRmes fzm si].Icayam _m fabrlcatei

resultsof a _ _c scmedrg testIn the_ms 2- by 2-f_ottmnsordcwirdRmml

siliem caL_k_ _am_amur6_u_.__ _-e_mmtL_,_timvlthl_thHgtda_l
a_Lc _3_,:_. _L5 semnd_ms_knmt_l, tsdes_mtntast_4_,,,'_,,_ _ inmlatim.
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_LriH:A/_E/X, H. N.; _, J. E. P_E: A/crop.;Womp.

(II_-Nstloml _n_tics andSpace_nistmtion. laEley _ssm_ _t_, Bs,ptm, V_

S_: L_i_d by In_

c_. U_I_Sr_ES; S_p. h_Idln_mptm, V_, 13-15D_.

MI_: / _Dm_vaT_/_ _ (HW_ _ SIREIIH_ MKrA[_ SIREIIRAL_HI_I_

m_: FttRht _ vI_ the _ _utt3e adz[m: _ pmt_.tSm sy_tm are dm_b_! and ealm_d, and

resmrch an r_ o0no_ts inmta111c, cecs_c,srd_ _ _S ml stnrt_es is pcesmt_i.
_d_rced and alte_s_e_tlons and,_sslms f_c_t-ge_stlon spsce_po_ _n _ and
and t_Sy resls=e ___.

• • • • • • • • lJeeeeeoeeeoeoeeeoeoeoleeooeeoo

8_32505'# ISSJE 22 _ 3554 C_I_26RP1_- NAS&-_-8629361_SAEI.15:86293A_4-17_8 84/C8A309

atOP:Nstioml _e_n_tlcs and Space_],_uaSm. _ _ Om_r, [_ptm, Vs. AV_

SAP. ___1

OD" _E_D S_3! Pmsm_ at the lg_ _,_s. Ooof.,Snmmss, Oolo.,25-2SJu_ 1..o84

._S; Immal 617 is a ,Iclsl-bsssl _ _-_,-_]_,,/_hlch is _ m-slda_ f_ l_at_ Sll_llcstlcrs _ of its
Idsh-t_a_ stm_sth, good _Idstim _md_h_t_of_si su_s_s. _ the
dlr.l_ of si_n]at_i _ml_7 cord_l:la_cn_itl_r_a_l_:Idsl:la_ofIrur_/617bs_ _ studied,

df_.l_ of li_gmurd-l_sssi_vi_salt_qxs_ma_l tl_ml_y_t bs_ not:
e._ust_l, i_l_'=mtalres.0.t:sa_ix_smt_md'_tl'sef:_tsofmvtmra,_m_stm]a_ im.ludirg

ard m_zy_eanthe_lt_m0e_rdocld_tim_Tmm-e.l._t7. Sl_dm_e_ _ to
s_la_! mmtzy at a _-/_ t__of2OOOFJn ttel_l__ Omtec _ _t_l_

Test 9jstm(BRB_ Padlt_vlthadvltboutalt_s:r_eeqx:szm mm a_st_'ic
_ald_xauxysms_lt a_lz_nt. _tsl_:pmsm_tt_n_, _ssl_s, _ cl-_isuy,

eee • so • • • • ee • ooo • • • • ooeoeoe • • • • • eeeoe • • • • • • • eeeeo so • • • • • • • • • • oe so • oeee • • • • I • • • see • see • • • eo • • ee eee eo • I • • • • • • • eeeeee eee

_709_ ZSS.E15P_228_(XmIt_20[=_I== ._K_l..!9_ABi=t,-'m.-ID-(_UClt= _m0J. 573084RE,,'(Dl.1S

ur_ i,o,_¢_ :irsulator

_.S_.F_sl l_p0ct,_bv. Lq_l- l_b.
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_1111_A/II3SZ/_, F_. B.

SAP: BI3/_/lf/__

/_/_" ._alatim matedals protect amxtyrade strfmm_, FoFflsion stmmtamm, and gtnni egiIm_t f_m tt_ _
t_mmttmm and ttm _d__tty _ ttm gnses tn ttm _ahm_-t. _l-dn lmper demm'itms_z_nt ef:f_ to e, almt_ m
ahlatt_ t_tirg_onalo_mstl_'arda__. _-_obj_ti_to_a l_-¢_t,
ahlatt'_dtnsulatinlg mterlal fr_ nmtir_ aplxltmtim _ lZ_t_t ¢_gt.ly test _I_H_. Egi_-_mts
_uet_l at the _ u_Ing tt___Bnll.is_llmt and gmlmtim _ _) solid
lxxt_lant _ mt_ emtatning _ mxtmllmts. _ts type of _t _ an _x_t_
_m'mtmt gas _tch is tim best ¢_rdttim f_r evaluating the ablat_ _ating fxmalatims. _ mt_m _e
alsoumd f_r e_almtim puqmms, sudaas _St_s I, rr, wdrrq Sh_t-t-tmgth Sum_ m_a _ntemal
Pmmt_*-Pma_e_ _k_iee (ml_O); Super m_S; and the Sin-5 S_nm Shuttle lmmeh. _ati_ rumples _m_
tmtmd, emluat_d, and _ Im _ avatlnkle _alati_ mtmrlals under ttm smm m'ditims. It ms
Rtrd ttmt tie _ ablaet,,_/_axlat_g mtedals __ tim _ tmtmmmm em_tmt as _ as, _r
better than, the _y avaS_lable ablati_ lXtXtmts. Using tim best eardidate, the Ima-t_t Imulat_r in
the ons_g_ mix, o_'tal_t_telySl3.0Oeompa_toSl47.0Ofmr thesmm amount of tileeamm-eAa]ly

abla_ mterJal. _ _ ablative mteqal caa be _ in the ffleld for easy al_HcatSm
and the mter_ _s at aC_imt tmimwatum.

84A_71_-_ ISSUE 23 P_E 3t_I/I_5_1_371_1_: /k_lEP/Xl_4_r-2920/l_: b_--164_27 _ 5 PK_S
_ DOG./OIr

,_ustic emissimerdlmClm of _ tl'eml_ cmt:Ings

AI/II_ _, C C.

Sg_ll_; _ S_tety of l_lmntml l_/m_ts, lrtlmmmSa'_ 17as1Watrm _h_,-_ and l_ahit,
29th, A,--i_d_, Neth_lards, Jure 4-7, l.qfl4. 5 p.

_ _n_m_i ttmmlta:x_emttr_. _h_tl_emt_g_amg_nc p,_...-,,,
_.,R,*d_]]y dm tl_ _te mtum d ttm omtirg is emtda_ tn tt_ lt_ht d imdhle failure _.

it ® be el_:mt fiat both tt_ _ ad cea_c coqxreats (i.e., the hod coat axl omaic ove]@) of
a em_a_ ttmml, lx_t_eclm s_stm _t_e tl_ _ _ ard _=._ _ tl_ _t_g.
_im _ tl_ lX-_t _xk is m _ tt_ 'stat_-_-tl-_art, _n t_m _ ttzln _Ltta_ m_k ard trdlmte dm_
fxltt_ _ m_ _ mite.
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High-tmt:_tm'e pmtecti_ emtir_; _ of the _ At.lmta, C_ _ 7, 8, 1983

/¢1_: _ S. C. PM: A/__ and _t Gmt_', Pit_, PA)P_: A/if).

cm: u_m sr_m; _ _bytl_ta].hcgimlSocietyof_Bad._ricm Society for He_.
I_I_:IIL1_, P/_ _t_11,_.Jt--,._1 Sodet_ of _ Lq_, 371 p. Re" trclt_ i_ see _ to _.

84_19_ ZSffJB20 PK_ M _ 1B 83/I3Q/_ 1(_2P/_S _ I_I]HEI_

urlL: l_,de_ of c_mm vcck on omtmllefl re-mtW

._r_: .V',,¢1_, W.

T.K,

'_ n_lCs ofsmdtesonl_xsmic_csard_.t_t_dn_ca=t_outbj_t_:;_ fl_,
Sm_mmt tmld.tu'da-s, adunt_ccl._'tmtttmmf_oat__oft___'cSXa, in 1962

_ E! o_ _ acldvtttesof t_.,_d_l.t_t:elt_dcm:hmlq_ _ 1975 ace smmd_ a-d
musrmred _u_ _k_SnCm, dm¢_, gn_s, ardc_Snm. _he_pn_a_s of cme_Zed _en_y
a_ ctLmm_; O_ eonpaterpcqrm_rodm_mmtv/-b_omr:igum_lcm ax_ _; taxi
ixq0igam _n l_me]cctty lov-dm_w Dov, _ heat mmsf_, md the dmdsn of l_mt-prot_:clm
systmm ax_ mmtdmd. _ _t of the x_us _est oo_-_H_ms is tzaod, m_l vJrd-tmm.l and
fz_-fl_hr dam a_ prmm_.

oe4e eee • • ee • • e o e e e e ql, • • • • • • _e • ooe • • • • • • oo oe oe veeee • • • • 0_• • • ee eeeoe4 eeoee_ • • • • • eoe_e_eee • • • • • • • • e e e e • q_ • • • • • • • • • • • • • • • e_ •
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O_P:

CID*

A/0_ _ Cb., Seattle, _A); _/(msA, _mes_Cmte_, _fett Field, C_); c/(_

Iketng _x_em (b., Seatt.le, lamb.; Natiaml _xrmties _1 Space k_tnistmticn. _es Bemat_ Orate:,
g_f-_tt Held, CalJ2.; Gmdyem: _ O_., _<mn, (/-do.

srgIE3; m_-lcm Institute of _vr_tics md/_cmr_tics, _cs _, 19_h, ShOran,

(D, Jtre25-28, 1984. lop.

_: _ ¢x_ecti_e tests of sepal fledhle _ pmtectim _ (FIPS) cax_pts _em caz_ted in the
_es Nmmrd_ (_te: 20 _ am-jet aem lmaChng _ tmr_. _ ca-_pts _msistet of quilted tnstdatim
blm_ts _rect_slmfatrlcs. _lm__msubjectett_c_r,_ti_bmt £kmmm_mgfmm7 t_

35 Btu/per sq fx per s_c at stagreticn pmssa_ of .(135 to ._ _m- ._p_ _e tested both _th md
_thout mmspimtim co_i_. Rm_ts irdicated that both tie mm_ and nicalm f_rics offer the potential
f_ _ t_e'au_e _licatims tim o_nt FrieS, ar, i nimlm _ t_ be _ of _1_
tmpemt'tm_s _ above 2_X) _ F with _ d_latim.

84_37z_g_M_ISSUE17 P_G___261_I_h AT_ P_84--17_ _8 P_Es_IX_[II_r

Respcr_of _ 617 v r_-._ll_y to e:_ g_ and SIS _ntry

(I:I_:

Hll_:

M_R. K.; l_h'_, J.

A/(r_S_ ta_Z_ _ (_,._, _pUm,VA);

Naticml_m.mtics md Spaceai_-astmtlm.

YaUrlals,Inc.,_, Va.

W(,_alyticat Sevices a_l gaterlals, Inc., Tab, VA)

Unrgl_ _m=h Orate:, _mptcn, Va.; amlyti_1 Se_rl_

._: Im0nel 617 Is a nid_--imsd _ d'd.ch is berg _ f_" hmt_ splfltcatims _ of its
hi_mu_e smm_, szd _Ida_ msistmmmd_emit_mmc_c_zliz_ ,_a_. _ the
ef:_ts of sim_md mmuy ecrd:Lt::kmenmt_ardoddatimofIo:r_l. G17 hsv_ bern s_ad:t_, _e
c_btmd ef_ts a_t/m__tvithsmsalteq_sum_md themm__ttm_ not
I_m e_am_l. _ml marts am pmsmtei m sh_ tim eH_ts of emimmmml stmlatim

mi _srcry _posumm themiU_emicsicktimof_m'_leT. Spec_ _e _pmed o
stmlat_d _mt:ry at a _ mqL_mt_ o 2000 F in _ _ _ C]mt_ BD_ntc l°_'ials

_ Si_tm(I_ZIS) P-_d.ity_ithmd_timt altemte_ t_m a_ ses_
emfl_,xmmt or a _x_t_xy sea salt egi=rmmt. _ls _ IXeSmm edttmm, m_ loss, odde _,
,r_ au_ c_miticn data f_ t_ _.

a_o • • oo (, eo • • • • • • • • • • • • • oe_ • • • e_ • • • • • • • • • • • • • • • • • • oooo • • • • • • • • • • • • • • • • • • • • oee_eoo • • • • • • • • • oo • • • • • • • • • • • • • • • • • eee_ •

84A:T/_ ]ZSUE17 p_[z2429(yQ]_ 18IRwin.ATA_PAP_ 84-1767_ 1.1P_ES _ [XXll_

Ul'_ Ve-lf:Imtlmmsm a_ _---_ _S amc_ts
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_A/StIIIII_ J. I,.; WI,I_,G. L.! _,C. 14.

P_ c/(_sA, unzle_, _ Cmt_, Imds srd ,__city inv., nmprm, VA)

RI_. L_tlmal _raJtics and Spre _t_m. _ _ Crater, l_ptm, Va.

C]B: _ Sr_IES;_m_rl_ Ir_dUr_ of _-(ra_:icsand_su-a_tlcs,_cs GJ_=_, 19_, _l_x_a_,

(D,,bne25-_3,1964. llp.

_uttur

A_S-" Tttmim mlti_li, _ _,mb, and _ _ (_'_ mld_-_ _ Pint.tim st,stm

s_ms. Va-_catlm _ _ _ml, _Ixatlm, a:o._¢, _eta: sl_t_rt, 1_,_I_ st_ and
_stsaredescdl_d. _resultsh-_Lm_etJ_t t_th_elPS_amvJable_m a

suds_ _an_e ine_ess of 23_ F.
e_e_eeoe_qpIe_oeo_oq_oeeee_eeeoeeeoeee_e_e_eee_ee_e_ee_e_e_oe_e_eoo_e_o_o_e_ ee • o omeee m. eq_

_n _s_snmt of alt_mte ti-emsl pmt_itim system frr the Sps_ Shuttle c_It_, _ 1 _:

ltmmti_ Sunn_

_LI_]:_VK_, D.

a1_: _ I,_a_/oml Qxp., I_m_, Callf. AVAIL.NI_S

SAP: ___g.

S.L

_: Altsm_e _ pm_e_tlm s_aa _ cn_sp_ m u'n Sp_ Shuttle (1_a: _ sssesssl. M_al]/c,
_la_cr, a'd _a._em:q_LchamtheresultoEs_Iz_l_d,stSn,,mufmtu_ and
dfix_ _ ¢msldeml. __s;_mlmi_d_bmlili_,, _Ich_Idl=_srdal__ li_

_t_! ml_mthe_of_ttledes_smimmmtsmJ=tm"Ja. Amer_t Eunct_o. evalmt_.
m_-=bl_ bes_! on _ _l_ct, _ _ =sts, El cLsk_s _ _o _ tim c_lida_ oom_pts

t_ _imtif_ tl_bestal_m_e. Vddsmd__.the__ _lmtif:1_, a]m¢ v_th

r_- all _-tivRies _ _ _ the sel_l al_ra_ sys_ q) _o qp_at_al _trms.
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CID; LREIID Sr_..¢_; ._.ca_ Insldtut_ of ._¢onaCt.cs and._treuldcs and ._¢'J.ca_ Society of t_rl-erdcal
_, Joint _e_:ghy_cs, _3utds, _JasmsandBeat _ _, 3rd, St. l.o.ds, HD, June 7-11,
1_2, AT._ 12 lmees

D.L.G.

_B: TechnicS. aspmm of the alt_mte them_ pmtEctim system (II_3) study f_ the R_att._ Woit_: are t_,ciewed,
and a stattmn_am-tonalt_mt_IPS_dm_2og_tsispmmnt_l. _m_ntm_t, li_ey_ rests
and risks, and selected csrdidmlm _ts are idmtifi_. _ best s_tm _ttld mmdst of mmhanicmlly
attadmd metallic and _ _S _ts _aloyirE a titanium nttlti_fll _ emmet at
t_mpmm_ below1000F, a supmml]W hcrms_ _ ca_t at te,pevatun_betwBm ICKD-IBO0F, and
an advam_l emi_n-earkm malti_ standoffeaxmpt abo_ 1900F. Altem-ati__r_mptm oHmr si_em_t

_Im in dtmmhiltty a_l are mass e_l_titi_a_ wi_ cucm2t e_ma_.e tile _ _ inmalaticn.
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No: S4 Title: No Ordnance

Operations Requirement:

Eliminate all ordnance devices.

additional criteria:

See the following items for directly related

S4.1
S4.2
S4.3

Independent geapon Destruct
Laser Ignition
Non-pyrotechnlc Separation

Rationale:

Eliminate all ordnance devices or provide ordnance which is inherently safe for

handling purposes. Eliminate or drastically reduce "area clear" for ordnance.

The following data are provided for processing of STS-31, orbiter Atlantis,
launched November 26, 1985 (flight 23). Data source is the Shuttle II Data Base
Development prepared by SPC sub-contractor Pan Am World Services, Inc., dated

......July 24, 1987.

SHEDULED MAINTENANCE, SYSTEM 55,
PYROTECHNICS/RANGE SAFETY

OPF OPERATIONS

TASK

Technician 292

Engineering 260
Safety 23
Quality 111
PP&C 64

Support 540

Logistics 155
Overhead 123

Total 1,-b"_

MANHOURS NOTES

"i. This data for STS-31 only
2. Review of 0MI data indicates 292 technician

manhours/64 clock hours for an average of
4.56 technicians.

3. Total MSs/technican MHs indicates a
ratio of 5.37 for a total SPC headcount of

24.5 supporting this function in the OPF.
4. Landing operations dwell time 4 days

OPF dwell time 27 days
VAB dwell time 4 days
PAD dwell time 15 days

5. Orbiter Challenger was in parallel
processing during this period.

VAB _TION

Technician MHRS 242
OMI total time, hrs. 38
Average number of techs. 6.37
Ratio of total pyro HB/tech HH 5.82
Total headcount supporting pyro for 38 hrs. 37

PAD OPKRATIONS

Techntcan HHRS 2,244
OMI total time, hrs. 34
Average number of techs. 66
Ratio of total pyro NH/tech ME 5.65
Total headcount supporting pyro for 34 hrs. 373

(1,406 MRRS)

(12,682 MHRS)
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OMI DEFINITION

The follovlng presentation of major pyrotechnlc/range safety tasks is
to provide further insight into the dlrecthands-on impact of those

systems. The indirect impact (numerous "area-clear" periods) has
quantified by this study, but is known to be highly significant.

SCHEDULED MAINTENANCE

OPF OPERATIONS

V5012 - Ordnance Installation and Checkout

TIME TECHS MHRS

A. Pre-Operations-Pyro Flight Cable Installation 8

This task prepares the orbiter for ordnance

installation in the orbiter processing facility.

B. Ground Support Equipment Cable Installation-Aft 8

This task installs a ground support equipment cable
assembly to support installation and electrical
connection of pyrotechnic ordnance in the aft
section of the orbiter.

C. Install Aft Separation Nuts 16

This task installs new separation nuts in the

orbiter aft fuselage.

De Forward External Tank Fittings and Yoke
Assembly Installation

16 8

This task installs the external tank attach

fittings and yoke assembly on the orbiter forward
fuselage.

Et Power Down Ordnance Installation and Electrical
Connection

I0

This task installs and electrically connects
orbiter ordnance.

F. Power on Pyro Initiator Control Test
Stand/Ground Support Installation

4

This task installs ground support equipment as
required to support pyro initiator control system
testing.

Totals -'_

intended
hazardous
not been

16

4

32

128

80

32
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VAB INTECRATON

V5029 - Oribter Pyro Installation
Installs and electrically connects Orbiter pyro
separation devices in the VAB and at the Pads. A
stray voltage tester is used during these
operations. Pyrotechnic devices are installed to
separate the external tank and umbtltcals from the
Orbiter in flight. This document also disconnects
and removes pyro devices if necessary.

TIHE

24

TECH NHRS

153

V5027 - TSM Pyro Installatlon and Removal 3 19

Procedures for pyrotechnic devices used at the
mobile launch platform (HLP) tail service masts
(TSH). They cover stray voltage checks, the

installation and checkout of pyros, and the removal

of expended pyros.

TI099A - Connect ET Shuttle Range Safety System

flight battery

1

TI251A - ST tumble system checks 3 19

SI015A - SRB Shuttle Range Safety System checks and
safe/arm rotation

5 32

TI499A - ET Shuttle Range Safety System stray
voltage Checks

Totals:

2

PAD OP_[_,A'I'TONS

T'rl_ TECH HHRS

S5009A - Ordnance Installation - Part 1A 8 408

SSO09B - Ordnance Installation - Part 1B 6 816

S5009C - Final Ordnance Installation/Connection, 20 1,020

Installs, electrically connects, and performs
resistance checks of Pyro Ground Support System
devices which will be installed at the Pad.

Shuttle Safe + Arm (S&A) devices are electrically
connected and circuit resistance checks

performed.
Totals:

Sample Concept:

Eliminate explosive ignition devices: replace pyrotechnics with lasers. (See
S4.2).

Rxplostve release and separation devices: replace with electromechantcal and
Ntttnol tntttited devices. (See S4.3)

Explosive ran_e safety devices: eliminate by using military weapon systems to
destroy errant vehicles. Use vehicle-borne beacon to assure identification and
assist weapon. (See $4.1).

184

k_



Technology Requirement:

Development only.

Te_hnoloa_v References:

NASA/RECON: 86X70834, 86N27356, 86A23512, 85N13959, 85A47011, 84A42759,
82N72580, 82N19033, 80X73875

Concluslonn:

The above rationale shows that technicians supported mission STS-31
pyrotechnlcs/range safety for a total of 2,778 MH. A maximum shuttle launch
rate of 8 per year was achieved in FY85, indicating the posslbiillty of 22,224
technician MHs per year for pyrotechnic support. The reference Pan Am data
indicates the SPC apportioned ratio of total pyro MHs to tech MHs is 5.64. This
implies that total annual MH's in support of pyro/range safety is 22,224 x 5.64
= 125,343 MHs or 60 Mnyears/year.

Within limitations of the contract-vlde headcount apportionment method, it

appears possible that total elimination of pyrotechnlc/range safety devices can

reduce the shuttle-equivalent headcount by 60 persons. The ground processing
timellne of 50 days would also concelvably benefit by recapture of the serial
portion of the 163 total OMI operational hours noted above_ i.e., perhaps as
much as i day per flow.
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No: S4.1 Title: Independent Neapon Destruct

Operations Requirement:

Provide ground-based anti-missile-type battery of circa 1995 weapon systems to
provide near-range vehicle destruct. Eliminate extensive non-productive
manhours for _area clear _ during range safety ordnance installation. Minimize

nsafety army n and procedures that accommodate contemporary systems and methods.

Rationale:

Elimination of vehicle range safety ordnance and

manhours and operational cost is highly desirable.

safety regulations negotiable.

associated non-productive
Consider current range

See S4 for quantified data.

Sample Concept:

Delete the extensive vehlcle/ground remote destruct system. If an unmanned

vehicle goes awry during the first minutes of launch (or close to launch site)

use ground based anti-missile weapons to provide range destruct. Use beacon
on-board space vehicle to assist in identification and guidance.

See also, S4.

Technology Requirement:

None. Use military antimissile system of circa 1995 vintage .

Technolo_References:

N/A
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No.: $4.2 Title: Laser Ignition

0perational Requirement:

Eliminate pyrotechnic type ordnance where possible;

with less stringent safety requirements.

At least, provide system

Rationale:

There are four types of ordnance devices currently used on STS: ignition,

release, separation, and range safety. The special handling safety, area clear,

and training requirements make this a major cost area in ground processing.

See $4 for quantified data.

Sample Concept:

A laser ordnance initiation system provides the capability to reliably control
ordnance functions on launch vehicles. Examples of ordnance events which can be

controlled by a laser system include motor ignition, stage separation, thermal
battery activation, shroud removal, destruct, etc. There are significant

improvements in safety, weight, cost, and processing time offered by laser
systems over conventional electro-explosive ordnance initiation. The additional
capability for safe, positive on-board system interrogation and test can provide

an assurance of launch vehicle readiness never before attained with traditional

ordnance systems.

See also, $4.

Technology Requirement:

Continued development of laser-initiated ordnance for specific ALS-related

requirements.

Technology References:

Vendor data (Ensign-Bickford Co., Aerospace Division, Simsbury, Connecticut).

191



No: $4.3 Title: Non-pyrotechnic Separation (Acceleration/Clevis
Separation)

Operations Requirement:

Simplify vehicle separation design and related ground processing.

Rationale:

Contemporary stage separation hardware and ground processing are complex,
hazardous, and manpower intensive.

Test and checkout of electrical systems for ignition of pyrotechnic devices is
lengthy and wasteful of manpower during repetitive "area clear" operations. STS
51-L preps for mating required a total clock time of 72 hours directly related

to separation hardware and pyrotechnics installation and test.

See $4 for quantified data.

Sample Concept:

The concept of individual vehicle transit to pad and individual erection,

suggests the geometric posslbillty of a vehlcle "back-to-back" or parallel
mating and a separation system requiring no moving parts or pyrotechnics.
Examination of the following process is suggested:

(i) Design booster and orbiter propulsion/ acceleration mechanics such that
the booster acceleration component exceeds that of the orbiter i.e., the
booster wants to outcllmb or run ahead of the orbiter.

(2) Erect the booster first. Subsequent rotation of the orbiter to vertical

about its landing gear (over the flame pond, onto a thrust butt) may
allow automatic attachment of the orbiter to the booster by means of a

male/female clevis (or pintle and gudgeon arrangement) having no moving
parts or pyrotechnics. The orbiter is effectively impaled on the
booster.

(3) When the booster propellants are expended, aerodynamic drag provides

stage separation. Propulsion for a second parallel stage, if used, could
be terminated by stage-autonomous acceleratlon-sensing avionics.

See also, $4.

Technology Requirenent:

Detailed examination of aerodynamics and related shock-wave interactions would

be necessary to assure validity of concept.

Either a twin-hull booster, an exterior payload bay, parallel mating (or other
alternative) will be required-to eliminate structural interference of the
vehicles during erection of the orbiter.

Technology References:

This document.

-j
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No: P1 Titlez Simplified Robust Propulsion System

Operations Require_sent:

Simplified, integrated, robust propulsion system that uses the same oxtd
fuel, and integrates the essential elements of:

• Main propulsion

• Orbital maneuver/de-orbit

. Attitude/rendezvous control

Ratlo_Lle:

Current propulsion systems started wlth an engine design and then the
built around it.

There is a necessity to simplify and integrate all propulsion sys

radically minimize the supporting operations and maintenance.

Sample Concept:

Fully-throttleable engtnes/multtphase (see PI.1)

Soft engine start (see P1.2)

TVC by delta thrust and/or RCS/or aero (see P1.3)

One oxidizer/ one fuel (see PI.4)

Eliminate separate 0MS and RCS (see P2)

Eliminate hlgh-malntenance turbopumps (see P3)

No hydraulics (see P4)

TechnoloEyRequiresm.nt:

(See PI.1 through P8)

Technology References:

NASA/RECON:

87A32466, 87A18475, 87Al1334, 87AI0698, 86X10270, 86N70079,

86A42731, 86A42620, 85X77367, 85X74308, 85X70592, 85N25389,
85N29965, 85N26862, 85A39670, 85A13519, 84X78616, 84X78036,
84X72894, 84N32430, 84N71351, 84Kl1473, 84A38153, 84A35137,

83A29534, 83A28693, 82X73602, 82A44488, 79X75706, 78A11082,
74N71316, 74N70964, 74A12920, 74Al1559, 73N12847, 73N12840
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e_st __istbetwm_dmtg_df_r_mdf_mmhle_hicles. _cmtdri,_in
the _ _mmt and pm_ucticn _'_, _ durtrg _iele fl._t opiate, are chUrmt_. _a_ysis d
hislrr!cal_ dam a_pmaaetr_coo_azxle]i_wm_eusedasabEisf_'@_eccst d:secvat:tons.Sever_
masu_s f_- potm,-_] e_lm o0st m:kmtma_,'H-,x,,,_,-L '_'_se Imlt_ tl_mr_u_d a test b_, a'xi ti,_
selectim of _ S_4g mltabt.l.4._ and test _mch for de_lq_nt costs; _ tntnxts:tim of mlcl_ b._
for _ _ toc_gim].t_m tl_ecc_m_mmgeso_highpm_ucticn__ mteg thm4_

f_dcatim mth_vithautm_tim; mtthedm_tnq_m_timmtmpg_e_sts f_: ramble
ergims _ t_ t_ us, d l_lif_high_mTlm_t_m _lacmmt O_m) empmmts, and
extmsi,_ly onplu/irg _n:titim un"d.tvdnganddi_tic im'tnm_tatim.

** *** • • ** * * * * * * * ***ooo* ***** * * * * * **e *** ** • * ***6* * ** • • * • ** ** ***** * * • • • • • • • ,l, ** • ** * * • • * • • * • * * * ** • • * • * * * • • • * * * * * * * * • • • • * •

8_07367# C_IIKt]_ 20 85/09/16 4 P_S _ IXKII_ US G_/_[XES

_mnics of _fi._1 rocket _ngim units and surly systens

,q./IH:_, V. F.

O_: Joint P,iiicatims _ S_dce, Arltngtm, Va. In its tS_ 1_pt.: Eng. and _uilmmt
(_) p 1-4 (SEE_5-77366 23-31)

C]D: U.S.S.R.TmmL int_l_g.,I_fz_t_hzk_il__l_tn_h_ri_t_h_/_h_t_v_ki_m
Pltmiya" Hcscvw,Mmiflxx_Ix_Mmiy_,1983p 2-5

_MS:/ *_
_ *SIY.A_sr_IZ

_S_:l_nl1_w-t,l_. 1983-_pr. 1984

_, L.; _, M.; C/.][I_,R. D.

_ Yatm_tiwalexp.,Cm_a Pa_ callf.C_: _ _iv.)

c_m. _ srm_s

um,: _mt m_t _ te_a_ _u_htim. ,_hln_ 5.
2.. _ht omtmls _
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OU_:

C]20:

I_]S:

£SSLE19 P_ 3220_ 7 I_PI_:bl_S_-174953_ 1.26:174953I_/A--R_-18323--2I_r-8881-933_ CNI_:
_S3-22_ 85/07/01113 P_ES _ _

_ mzzle dedgn f_ them.lOde-lvati_2B erglne_: lqr_ l_p_'t

(]_: Pratt_md',l'd.tr_yAixcm£'t,_ PalmBeach,Fla.; "reaxm Ba11,_'_ac_ (b.,Buf:falo,N. ¥.

CZS: (C._emnmt Prcx_tsDiv.)AVAIZ.NEIZ

C[D: UbII3_Sr._; Pmpm_Inax_mtlm,_'thTectxmBe]l_(b.,l_alo, N.¥.

M_5: / _ _ _E_.E DEI51]_*(I_ _A'_'_ VEI_IES/* _ _ *I_-10I_INES

141NS:/ L_UID PI_EPRIA_l_]_Er_ l_]_ErI_l_qEZ/_ AWR,_S/_IE_AL _

ABA: F_,A.K. ._

,a_: 'l_ comsalaat_d_ _ a _rr,_tt:l_-a_ _Ixzy total, n_zal_ _[m that is Rmmd vitha pot'tim of tim
mzzle _ _s'x_emmdihlernz_vithin_e_of _hem:_t_. ']lmcmm_mdmzzle
(O1) _sdeplo_byasymm_f f_x_smdrl_nacmamm, l___?]JmCtas_'_e_O_mzbe
_=l_-dqa]_i by _nt_na]. _ x_m_l, _ _t, by a Jet_-_hl_ _t _. _-_ cm_]ut_

is _ Ina study_ emaxllb_ nazalesf_ tl_ II.aD I_:L_ l:_rJ.vacb_ _ R_ u_ in an _ od_t

_l_,m_,_ of the two IX_l:Kmno_]_mmxm:li_,daaJ:Ir_al_z'_mdumpc_l total _ _d
mdiaclm _ _ of _:m_t_zy _ and mx_/c_oon cmlx_ _tlm _t:l.vely.

8_862.# I_SE 16 P_G_2733(X]_5_ 20 I_T#: Rt_I_-Z_2 _ 1.55:237285/0_(D T_3I_G_ L_I&_51FII_D_tl_

•qJl__ S. F.; B/_U, S. T.

l]/(_thiv., Itn_d.Ue)_: A/ed._ B/eL

NaCiaral ,_ma_m_cs a_! Spsce ._inisUaCim. _ Space Fl._h_ Gsme_, l_un_, Ala. AVAR,.N_

_ _LE'_g I_IN_t_/_¢',J_ 11._I_I _dtl_E Fdl41_ .._.j

2OO



8_R5389# ISSE 15P_2495_2ORPI_. a_ISI.Y_AR_I_UP,-84-101(IqI_:AFII_II.999184D.2/(D89
_ DOOJMS_

_ (Air 1_ l_ket _ I_t_y) t_dr_icsl obJ_ti_ _t 1_ _ _: l_hnicsl l_t, 1
Oct. 19_-30_p. 1986

00RP"Air ForceRoaSt Pr_ lab.,I_ AH_,Calif. AVAILNIIS

SAP: fE _25/_ _I

CID: Uq_D sr_K_S

_ds _ is a stumpy o£ _d'rd.csl ob'J_O:_s and _.._.u_,_ :Bx-_, _lomto_ _t, _d
ao_a_d _t el:Errs bei_ _ue_u_, ar_ to b_ pu_u_, at th_ A_ _o_d_t l_ulsion I,_b. bet_e_
_ 8_-_0.

85A39b-/_I_LIE18 P_ 2636_ 2DRP_: ATAAPAP_ 85--IZII85/07A309 P_ _ DOCI/41_

_t =,,_s_-_,t in _ tarks

tW(I(INI_ S. 14.; _, J. R. _ P(Mm-rln l'ettetta tm_qa:e, Mptls_ _e:tten, IMv_, 0))

M.S.K.

Ztmsa_c xehicles- A _ f_uc dm reo: omU.xy



2, L_84. 6p.

14INS:/ ,kI_FK:£g, _.L3Mi_ K,_ VEHII_ H_LS/_ _ S'/_DiS

Ng_ 0.C.

_S: _he U.S. Air Porte Syst.e_(]mm_d's _raltlcal Systm_ Di_ has begun to irb_t_te the
T_atm_6pi'_odc Vel-d.c_ (_V) c_:8pt, _l-d.ch is _ as a g]dml _ nfl.U_ atz_aft_ cpe_t_h-g
conumt:l.or_ _, _'__cspo_lc2tflse_gim_vu]dboat tt_upp_L_l_ tho atm_:l_e.
Att_tim is gi_m _o tl_ cUff:in_ti_ _t_mt in ti_ TAV dEign's r,_,_14_tlm of _,=u_L=u,,.,J_mlly
hlshly_ a._ skin_ a_dcv_8_Icf_1 _ aoth_thing and mc_t m_Ision
cone_ts a_ und_rcu_sld_mtlm,sssr_emtlcb._lssrd__high__ds_Iti_, cr_
such f___, rr__ l-_]Xum,_q3J]d yield _flx tim_ tl_ _ _,_4_ of curr_t ct3_gq_c f:t___.

•. oo oee • eee • • • oo • • eo • • • • oo • • eee ooooo • • • • eeeeooeeo • • • • oe • • oo ooe • • • • • eeo oo oeeao • • • eoe oeee • • • • eelo _eeo • • ee • eee • • eo eoo• oo

_1_ _ 20 Z_I_: _ __L,_._-2 _F_X,-_ '_,_-2 C_I_: _..78._2_CD

,6LIIH:_ J. IL; B/HtKLI_, B. R.

c_: _l_aft c_., c_r_ra_ c_._. c_: (_l_n_ _l_mp.)

1_15: / _ _ I_I_E_IJ_S/C___._4ES_I_SSKE_ Hq_E/ SUBS3b_ Frd_/

¢eeoeeeeo • eoeeooeoo • • • • • • e(,o • • eeoeoeeeeo • eeeeoeoeooooeo • • oeeee e_ e,_,_ • • o • • • oeoeeee eo • • • eee_eoo a. eo • • e_ e_o • eo_e • • • • • • ee •

841178_ _ 28 CNIQ: lq_dJ._ _ 12 I_IBS _ I_tJt4_ _ _ _

Lt_t_lby_A_ InAg_YelS___l_t:l_,VoL 4p145-156(_E_4781_21-20)

CID: _ sr_lES

Mn_: KI)Gr _ (RKIGBblI_I_IlDS[U_I_GR01__SI'KRr_GKIJ_SIR_E _ _

IEI_ E_l_flih_ _lt _. A_

.Tdrn_ ti'd.v., Sll,_ SIx_, i'd. C_ (C_mt_ _uL_ _ffin_t_ ._u_,.)
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s_. u_t_ bynm

C_. _ smm_

oeo e_ee* • • • eeee ee oQ • ee • • • • • • eQoo_eooe eeoeooe • • • • • • • oooe • eo • oeoe • • • • e • • o o _1 • • o I_ • • o • eooe eoo_ • • • eQ • • oee • • • • • oe • • • • • • • • ee_

gr__t _a.l_ _.._.r_a.i_,_:tso_l_hli_ticmbyE-ln_tm _t_d.ty,
1968 -1976

CII_:P_/n_t_nUrdv.,N. J.

CSS: (D_t. of_ard_ml_. )AV_

CID: tNI:I_S_IES

MINS:I (DmtSTI_____IrtlKEB_S__IRI_ (L31KES)/ IR3SIDV

S_._D_SmI_ SUSU_
..........................................................................._:.,...._................................

_ ISStE22 _ 35_ C_IE_ X)l_n'_:m-A143179_B32-_R 83A79/(D26 P_G_S_ [_XlMEN_

Static dxust a_m_mmdan of zocl_t mot_s by air entmdnumt

"-_ BiIH: A/IRV]_, R. D.

(XBP:W_st_rs92sta,sBssmrch Lab.,_ (asttalla).AVAIL.NI_

GD:

MllqS: / _ _ B:_SSI_NI_.g_R_Sl_B_O/_BIXI_ _ I_

._S: _ _:f_t of duct _m_czy ard _ jet chazact_istics m tie le_ of _ a._mtat'lm of m',,mt:la_
racist mt_ jets, _m m,iml nmzlm eslmst_g into a _attm_ am_l,_, has bum m_sttmtad. L_ra
z_ o£ straight, ey_ ducts wi_h hell-mmth inlets, it is fmurd tl_t tl_ duct thrust is pt'lmrlly a
furr.t_n of du_t]_gthard_timmt. _prema_rdnmml_ctmdit_ms_littleeff_.t other
thin tl,_ ef_ct m wJm_ ttmst.

• • • • • • • _ eo • _e_ • • eo _ • • • • • • • • • _o_6oeo • • • • • • • • • • • • • • • oe e* • • • • • • • • • oQ • • • o_o o_, • • • • • • • e_e o_ • • • • • • • _, • _, • • • • • • • • • • • • eo _ • • • •

8e_/473(_) _ _m-5"n _ on/2_m8

ClE_.K_9370 XS-40-SSXS-62-_N_t:Lmat_mmmt:tma_ISl_a_InL, tmdm. [mr_sB_smmhOmt_, _,

_i, 198_/ _ I_,1988

_m "W_SEK, R. J. A/X_
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_ I_UE 18 P/_E 2594 OgIE_ 20 82/0M_ 10 PKES _ I_[M_ _

_I!t: A/LA II_, R. J.

A/(A_ojet _ _t Ox, S_m_, CA)

(_P: N_crjet _ _ 0_., _to, Ca]._.

um_ _t o_ La_m m_ m.5

_he IE-5 Is a sec_s_e_gtneofU_e_-I_tchisafunmelar_hwhie/e in _ Narwhal S_e
_t _ ofJ_lm_) tni_lataith__tofth_lg-5_nLcfl, mttsmaapht_ it 193
L_. _h_dm_fmstblltt_tfmemscmclmattnl_2. mm_aanda:t_dth_fl_htt___stn a
s_h_ am_ ar_t_m f_m S_pm_ 1982 m _ Lq_. _ spa_ _a_ nadm
appm_t_ _ s, _the_val_ _he_S-5,_thaun_ques_sr_.e_d, s_ _th h_h
mllabflltybrase of im _dmp]_stnrnm_. _e _sts _ ther-T-tOd_ty of timIE-5vi_ theHI.

• eeoc oe • • • • * • • ee$ oo_ • • • • oeoe eoo• • • • • • • • _e4044 eeoc • • • • • • • • • • • oo ego eeeo • • • • • m e o • 4,0 oooo i • • ! • • o41 eoeooo • • • • • oao • ! • • • • •
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CID: _; _ ¥odc, ._'lca't :0"Bldml0eof ,_u'_Idcs andAslzo-aMcs, LQ83,7 p.

O.C.-

ABS: _ ,_lcm Imtitut_ of ._-u-ardes ad ._zonmtics "r_hdca]. Ocmittem on _ _ l_ml_m and on
_t_ p_mt their evaluatim of the _t _au_ and pms_ti_ _ r_uirmmts of u.s.

liquid rocket _. _n_:tomet the_t_knandp_lmdmquimmmsof the 1.9_,
mj_: ames of _eal _t am iflmtif_ed as r_pirirg _ r_muh _: ]arch -,_-_ie_le
tmhnolq_ iqxo_a_ts trcmasing spare uti].tmtion and _ q_atioml oosts, hish p=_,.---- syst_
f_ tile trmsfi_ of _f-t to _'ymtcmom odotts, hish _,_.-_ spce-gtccaole gopflsion to
the _[_cti_a_ss ofplamta_and__, a'dmf:ix_stat.tonkempi_ardatttude o0ntzol
_ f_ t_ _ti_ o_ _g_l _k_ li_. It i_ mt_l t_t rig/d_.k_m_ts in lkCd _
_ have _ as a r_ult of _L].it_y _is _ _l.td mc_t mtge.

• • • el ao •Deee_e ool cole • leee_eleeelloeeoeleeoeeeeeeeelleelleoeeeeeeeeeoo le*e eeeee+eeele*eeeeeoe++l+*e • _+I* • tee el •

PA_,: _vCn_ D_nse _ Spare systems _p, P_kndo _h, CA)

C]D: _ Sr.KIES; ._m:rattics ard._cr_cs, _:d.. 21, ._t'. M, p. 16-52, .%-_.

V.L.

._: ']_ _cal az_a'cenmt needs ate _ fit" th_ _ tas_c ca_ of liquid-i:topfl_on
s'_a_: _ and Ixnnem, _ oddt-_ and p]amtar_i_e_t_:n sysmns,

fluid stnu_, _, a'dmtnmm::e. _'t_mtedu"atmud_o_themommryte:tml_L_o0mmm the
_pme statims, oddt-__, a d_wqx_. Qxzdtmuimo_ _vtllatref:flctmt

__:.
• • • • • * • ** • • • eo • • • *It • *_ e ** _ • itoe_ • •

82X73_ _ 20 (l,r#: ff)_611-_ 81/_ 28 I:'_ _ [IXDI_ USG_ ,_S¢:IES

UrIL: _t:ton of 1or _ r,-,,_],=],=_ a-d mez_ _ mrn_

.,_B: A/II3_, G. P.

(II_.'ihtd_ (:llad.ca.]. QXD., ltntsvtl]e,.,_a. :rn.,_.,'ih_Lq]l,.ltl_'uFddml/mt:l_, 1/o].. 4p 33°,L366 (.q_R
_.-7"J_ 10-33)
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aJIH: ,_Iu-I_, _ w. P_ _'_ _ Bem_:h C_t_, _ :_stms Di.v., I-kmptm, VA)

C13tq':_tione.l _m_cs _ Spece ._i_-dstza_en. _ _ Q_t_, l_ptm, Va.

CID! UNI3_sr_IES; Jam'sLlof_andlkx_et$,_l. 19_. 1982, p. 314-319.

_: (_)

_S: _ and m_6_ l_h_ehiclm_ee_flmtedf_-Jous]e_.lsof _ _ _1
l_,w_. _ e,'almtion _ tmJm_ _ momt fl.t_ht g=_,_._ m _gic.l_ _ that _me
dri_m by _ ram, Slmciffle impulse, a-d _t m_mmts. Nummms mtmioa, flight, and
"¢_hi_ted m_x_mts mt o3mtmint$ _ mtisfl_ in the dmiga Ixxx_m. _ r_mlts _ tint
ad_-ax_ _ had ala_r_=tmmtr.trgboths_]_-ard __bic_h size.

cl_ m_ by 23_f_ tl_ _m_ic._mJ2_f_'_e_le-_mkic.leas _ to an
a].___ _ _e d_t_en_remJ_d_h_--_ta_hidedr?m_b_ 4]_. U_g
a:lvam_! _mlo_, _ s:to$_ta_ -,_icle _ _ tn _ _ s_d_vity to that of tile
t_o-_age ,_hicle f_ smll p_lo_s.

IA'I__ed__/_'_:dd/Al/Ph-alre[x_,,.lun. 1965-Sep. 19(36

0_. _ In_m_t_n_ Oxp., _ _k, _d.tf.

I _ _ *I:XXI_S_I_S/_ I_I_[_[]_q/_:II_

NJIH__,F. P.; _J. F.; C/3_M,S. S.; D/(_qJff_q,S. P.; _,H. F.; F/C_q.I_N,H.
E.; _J. F.! H/I_N.; I/C_E_', J. IL

I/(_te]_ _ Ial_mt_, Q_x_, Ohio)

1977_ p. 124-]27.
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.4_: A pro:ms f_ ch_cal e.lemirg of _el prt_: to ee_ustim is t_ _tte].le Hydm_ 0_1 _. _is
pmcem not o_y cml_etes _y m an e3mo=ic scale vi_h otis" _tim __ but it also has
_lsnifflc_t _cal aflwant_. _ _ttelle _drotfi_ _ _ _ pmflu_ no _IgrLf:ic_t
_t _lu_frr_. Ttspd_ll_xt_tsaree.lm_m].tdf_l_rd_t_ml.f_-d_ich_
be _ri_ted _: e_ly _ - and potmtially _ _ta]. wdu_. In aitttion, the _ttel_
_ku_.-,,.10_ _, or m_catiom of tl_ proof, has the mt_ttal f_ pm_rLng _ f_-_s
f_r _aseousanti ].iq_ fu_ls ar_ £_¢ _ o_ solutiom _ch eould be a s_x_ of eml d-emica]s.

• • • 1,= **e*** *** Qe* loeoee* • • • • *****ooeeo* *****eQo* 11 I1 eeo* coo* *** • * • • • *eeoeooooo* • ******_***e ***oe* *0* * • lee*el • ***! * * •

7_C_991_: Z_l_R-3962_lr_; L_6._65L_tl_I_

UI_ _a]mtiono£aflva_ec_onch_(t_). Voluml; SUn_

FfI_: / 1_ I_ FF._r_ I_ 03_

_raluation of advan_ c_on et_ (to_), _ 2

7_ 1_ 2 _ _ c_a_ 28_. _T_ _ 73-1.1797_ 10L_ h'_ _XlI_ O_

ur_ L_Lr=srnx_t _ de_Lgn-f_cation-testi_g

C_. L_ Sr_ _ ImtL_._e of __ and_etror_cs and S0cLety of _ti_ _g_,
_,=,=,.=, 9th, ]_s v_s, N_v., Nk_v. 5-7, 197"3,_ 10 p.

An_ (minor)
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_s_ A r_ mchet engine _ that is lZesmtly being emlmt_ _ stgrd_cmt p_z_e, o0st and
_tiorsl advmtages. _e IAnesr _et Engine Systm eomhires the _ _,_.-,_ and opemtioml
m_v_tages of the__vlththe_tim_tilityoflo_mtm_flar oc_xeto_, _hieh
zesults in a __u_-._ rocket engine lmd_ge designed _m2_f4_lly f_ use in adv-anost oonfdgm_tion
_mhieles. _ _per describes the design, _mtim, and testing of the Linear _ 9ystem coro_t to
e_hnte its pot_mttal f_r _ahicle tntegmti_. 1he _ ms cunducted tr_r the _p of N_SA's

Specs l_._ht Cmt_.
oo • • oe eeeeooo • • eoooo eoo• eooooooe • • eee • • •eeoe • eeee4 eeo • ee • • • • • ee • • ooe ooeo • eo eoe ooooeoe • •eot eeooo (, • • • oe • oo • • eoe • • • • • • • •

N3H: Nl:tl,t_ P. N.

SAP: M_8_, $I._; _, _.00

,_: A n_ mel_t ergine concept that is l_nt.ly being evaluate! off_s sigrd.f:lcmt W-_"% cost, and
eonfl_atioml atm_ta_. 'n_ Unmr Po_t _ System, (u_)_ the un_u_ _=_._= _r_

op_acioml advantages of the _ no_le with the _ti_ _z_tility of lo_ cast m_lar
_, _hid_ nm_lts in a hig_k_,--- rocket ergine p_kase desigrei mecif_cally f_: use in
_tim _hie._. _ _ describes the design, f_dcatim, and testing of the I1_ concept to
evalmte its potmtial f_ _hicle integmtim. _ _ ms conducted under the _ of _'s

space Flight o_t_.

um_ _ _ _ mmq_n _ e_s

_, It

_htioml _ttcs and Spm_ ,aduirdstmtim. _ _ FLight Orate, Hmtsvil_, Ala. In its 1_.
_tewmmts l_v., Vol. 4, No. 6 p 75-86 (SEEg?3-128_0 (B-27)

C_. _ srg_

_mta_s, _t_s, and _xvm,mts in thedm_ a_ _ md_ erglnm am ,._-_a. Data
c_ (1) cmb.mtlm ,,f-ecle_,(2)mmsp_ m=le _ffi;,.u---,(3)stm_ s_at_a_d dymmlc q_ntim of
Rill size u'mst _, (4)cmb.stlm smhillty,axi (5)n_,_atlve _ of cmb.st_ md n=_
mils.

• • • l • • • e o _ 4,_ o o • • • • • leo ooo eoo• oe te_o _,oo_ oeoe • • • • • eee_eooeo • • • • • oe • • • ease o_oeoo • • • • • • eoeeoo • • • • oo • q_ • @a _eo_oooo_ coo
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7"]q12B40*_SHJI_ 3 lP_ 348 _ 27 HPIt. Z_-IM-X-646_ 72/(H/_ L_8 1:_ _ IlXIH_

l_mrch._'_tsl_=vte_, talus4, no. 6: _txvp.fl_onn_sm-,_at _

Lt_ _._,.,.,_, _a_l].tty, and design of _ evgi_ m:! eng_ system compmmts

O[I_P: l_tiom3. ,_onaatics and _ce ._nda_tmtton. _ Space l_Lght Grater, nmtsvi]]e, A]a. AVAIL.Zq_

SAP: Htgsg.00

Mn_:/ _ _/ _ Z]HSII]q/_SYSX__ _ _ _ (_fl]l]_

._lq: l_tailed stmmr'ies _ting tt_ sc_ and inte'_W of xcm_.dane, ard being dcm in cm/mstim stability,

liqu_gas hydrogen pumping, nmz_, fluid flo_ sysmn canpa_ts, and aemsp_ eng_ thrust are pn_smtecl.
eoee eeeo *o • • • • • • ee ooeo • • ee(,o • • • • eeeee eee eooo eeeeoeo I • • eoeoeeoooooeee • • eeeeeeooeeo • • oee oeeoee • eo • oo eeo • eeo • oo eeeeo • • eo
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H0z P1.1 Title: Fully Throttleable Engines (multl-phase)

Operations Requirement:

Design and develop main propulsion system rocket
throttleable from near 0 to IOOZ.

engines that are fully

Rationale:

The SSMEs can be throttled only from 65X to over IOOX. With multiple restart
and lower thrust capability, the MPS could be used for orbital maneuvering and

de-orblt (OMS); thereby saving cost, weight, and T&C/O of separate 0MS

systems. For upper stages, this is possibly an alternative to simple

pressure-fed engines, but has higher related operations cost, since it doesn't
eliminate turbopumps.

Sample Concept:

Use tank-head start phase. Add a percentage of propellant to the chamber with
a turbopump to increase mass flow. Gradually delete pressure-fed component to
achieve maximum propellant mass flow. Thrust can then be tailored to mission
profile to accommodate acceleration requirements.

Technology Requirement:

Must develop:

lo SSME multiple restart capability

- Spark plug/arc
- Hot resistor

2, Throttleability
- Multi-phase concept

o Pressure fed

o Turbopump assist
o Full turbopump

- Multi-segment toridal chamber

3, MPS propellant acquisition technique for Zero-G restart

Technolo_References:

NASAIRECON: 84XI0295

See PI.
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_:_,V. V.; _,V. G.

(I1_:Na_ _mmutics and Spare Ikigrdstmtlon,I/ashirgtm,D.C. In itsSci. _ on Aviationand
_tlc, 1980p 1_3-150(.q_._34-10Z8206-82)

OD" U.&S_R. _mr_l. IntoIN_._iof_,n_o. _O_l_,apoAvla_li_, LEVY, _:ow,
NaSa P_ss. 1981p ID-121

Y_tlenmmtion of asmo_d'e,@elnergire thn_o_ca_ucSeslgrd_cmt]yeq::e'ds the _tal
potmtla.lltles of d_].k/.dd_tmd_ta_gtn_. Pmblemlntimdmisnof theft Jet
a_ims with this s_o_dsn_In_Lr_ru_ar__. _ana11_sLsmdeof_t mthods of
zn_ulat_ng that_t_ch_amntmsatLs_mtmy_m_ard_tyofth__. _dm_nofth_
jets an data fromtesti_coai_t/ondmala_ equiR_dwiththe,_ch gtm_tee 15-fn]dthrottlingof tim
thnm are_.
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No_ P1.2 Title: Soft Engine Start

Operations Requirement:

Revise rocket .engine start-translent

significantly lower thrust bulld-up rate.
time specifications to provide

Rationale:

Existing SSSE rapid start can reduce llfe expectancy and increase
refurbishment frequency of turbopump bearings, seals, and propellant valves.

Sample Concept:

Same as Operations Requirement above.

Technology Requirement:

None

Technolo_References:

See Pl.
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No; P1.3 Title: TVC by Delta Thrust and/or RCS/or Aero

Operations Requirement:

Provide TVC or some form of vehicle attitude control during MPS operation if
gimballed engines are eliminated.

Rationale:

Simplifying the vehicle systems and ground operations by deleting gimballed
engines and associated systems requires alternate method of TVC or vehicle
attitude control during MPS operation as proposed in Item P1.

Sample Concept:

Using multl-englne concept, and off-center thrust vectors, use differential

throttling for trajectory control. Accept less than "normal" TVC angle
specifications. Possible use of aerodynamic surfaces, also.

Technolog'_r Requlrement:

Throttleable engines; see items PI.1 and P2 concepts.

Technolo_ References:

NASAIRECON:

87N16551, 87Nl1735, 87A33249,

86A28490, 85X74761, 85X73876,

85A39562, 85A24795, 84X77582,
84N24603, 84N12237, 84K10744,
84A29544, 84A29543, 84A26701,

87A32117, 87A19603, 86X75348,

85N22229, 85A45971, 85A41019,
84X72233, 84X10357, 84N72750,

84K10153, 84A43401, 84A40143,
84A16526, 84AI1999, 83Al1175
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87N165_I#ISSE 8 IR_ 10_ CqII_3_ 63R1_: _D.A17425086'06_ 129 _ (I3SSIF]_ I:_I]_

_n _zoducctm m artificialin_ and itspotmctaluse inspsm system

(IIe: _ _m S:hool, _'l_L_5', (:_if.

AP: Avail: IqIISI_T//PlF_£]I

(2D:._ sr/m_

AIS:

Q_A

developmmt,and subm_g0rl_ of its o.rm_t _dTn]q_m. qb_e s.lzetq_oriesare _ sysms, rn_m_l
]argua_ izooassing,o_ute_ visionand patten n_gniCtm, and roboticsandnumrnmus _hic]_. nul_asls
is u"m din_ _ _e _kscdp_n c_ _ f_akamtal d'em__ of a _meric _ s'_a_,
tim space bus _ts, a_sshr_ s_caa _, _ard node f_r_t_ra, _d _ _. It is
e_]uded tat AI, insiraofi_siama_rityasascience, vlllIzo_obea__t of

spacesystem.

87NL1735.#ISEE 3 P_ 306C._IIEtl_ 61 8_30/00 11P_ES _ _

UnL: A ,mllzmr pm_m,airg m,lxxlf= sys,_ deslZnwithresultsmat _ _. _t_

sAP:

C_. tieR) Sn_I_

R.J.F.

mult:L-:In_, ,,,,Pd....o.utp_ _mt:ml syst_ dm:L_ :Is m_,,,__ mid qlxlimt:Ims m]m::L._ t, Imn:h
vdde.._ _ deslg_ Sltzed'txtt._ smti_ bnhr,_ t:z:a'sla_ mspa'se,::z'_:l.n t1'ndm:l_ammn"y

com_ sys_n, _i _zJ_ _s-d lift sys_m m_'_mm sissi m a lm_ _z'fi_ ef_ ddp
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_ Nm_Ym_, ]]_EPmss, 1986, 14Dp. No Indlvldl_l itmsareahstmcted In thls_klm.

PALS:I _ _ _(I::II:II_[ILSZS_S I::II_S:II:_I/K:I['I21_L(::I::NI_I:IL

MIN_I

._. C.D.

A collectionof v_tnt _ is Ixesmted ddoh cvv_ the ad_pti_ mtt,o_ in fimJh_ cmt_ s'ys-m_ tint
been dL-__Ioped_ _i'_epesttmdemdes, l_Ls-tnt-lcalpcst:_ti,_esandstr_,sona_bp_ cmu'_O,ave

glum, and ee _ fix thedmlm ofmodel_&_=_ _i_t_ _ a_ sel_-urdr_ _mcs is

_-,_4. _ptlve amtml ofur_rm_ lflants_ dml cmtml and m_lat_i_ is cc_. _1_
_catlcm toalzcmft cmtml problem,_i_ptlm_ts, ml pmo_ control,n_oticsandother
re_,

87A?_17 ISKE _3 I_E _Y_4_ 63 87/(_/_ 6 PK_ _ I_lM_

L_ Omtml op_t_ _ adv_ a_spece syste_

1986) _ (_nt_ System _ (_S_I 0Z72-170S), _. 7, Feb. Lql_, p. 3-8.

AK_ M.S.K.

_S.. _ _ _mtml _ _ su,liedb_f=rme in adva_M _ sys_mm
dss:dbsi. A LSmd_ml_nnt_t_l_ed_l_n_f_vma2c_ mlx_l_96cmtz_ cd_es
f_r _ the a_pe _ _ mmr_ ._=q:r'mte .mr md f_r-f:ieM tm_ am mziM f= Urdrg tt_e _

d_me of _, _ to aM_d_me_amma_l_ tl_taMpt m a grcsdr_ stmorure.
__ J_ also a mmssm7 fmun of fxmx-e _ e_mt a_d t_vt_cs, tl_ ]att_ msmlvg
gn_ _ Jna_f=__s_f_ce_. __aml_i__mted in
g-29 f_m_! s_pt vlrg _, tl_ el_mmics _ ti_ But_le _ Telm:q_, _d tn _mdi_ _ _ mtim_

urn_ ArtH:tcta_int_]_,_ fnr Smc, SmUan a,mmt_n: _ _, pmt_rivi_,, mnma,_, ammmt
_u_-- _

s_.ms
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K.K,

,_S= _ __ (_r) 1_ _m _r tie .,_._n mi _ opemcim of the SpaceSmclm are
_. _ bock_them=stadvmced_-be__,_themsultsoEe0ncept design
sUd_ to detem_ m_ed--_AI_tim, deta__CLms thetccu]di_Lcat_the e_m_ce of
these _r=m14H_, _ cleve]_ an Z_ plan 2eecl_ to such _=_=_tlms. ParCLcu_ attmttm is _L_m to
,_1.-T_mtim and robot:Los,sme_, _ _stms, _, plmn_, mcl mm-madd_ _m_.
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ur_ mt_mtecl Im_,.zlzldemi_ _. A f_Ibleoptlm

_JJ_"A/GIIJ3_RJ3r,J. D.

cn_._c_rp.,msq_un_,_a]._. _ (Cuidax:emtOa_t_mv.)_C=

_o*oe_eee_ee*_**_e_eo_e*_o_ee_ooe_e_o_**_e*_*_e_eeoe_*o_**_e_ee_e*_*_e_ee_e*e_o

8&_8490*I_E I2 P_L_1651CI_GU_ 8 0q_. R_I-_ OE _F I L_E _IL AIN _ _G. _q.

ur_ _ _rr p]mr_ ra_rt_ d_m_. fl._t mv_u,rmt

AIO_, D. C PA_ AI_, In_, G_land Qlv., Dallas,_X)

_, Inc.,l_llm,Tmc.

_20-2_.
LO_, p. 25_7-2.?_.

_ pet_pmsmmarebustn:_otp,_r_rtt'at_nct:lmstnti.m_mi,c_m_cfl.t__ _mioot
flies ma_cmEt_t__mdcm_m£l._ht m__tl_mv_rmmt such m
dmc_cbm airport, _m_e_t_th, mt_q_ _p]mn,r_ m me

m_Lmcu_ is bmeclan t_rcL_a-_. CLmoEck_dnkr=_, m_clq_ud_l_ plmn_ mi
plmd._. _ zd_t _plmr_cmbe_mthefzmtmd of m _m_ EL_ht

m0rdt_c. _e _ht plmmc d_mrLca]_ _ates t_ zm_ermcm that az_ used to _ _ the _t
_ _ b_ _ of p_tmt_mlprd3_s. _1_ _tation oE tht_ zebot ifl_r_ t_ a]_o d4_l,
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(Xl_:

CID:

KtAS:

report: O/cemeties, _ and mtvmtim

Joint l_hl_mtims _ SB_I_, _U_gtm, Va.

U.S.S.R. Tm_sl. intol_GL_Hfzcmvariousl1_s_artlc.les

/ __ _ _II_II_ _'rq_g/_ _DgrA l_k_ _ SY_ID_

&IIH:

(XI_P:

(liD:

8_22229_ ISlE 12 P_ L%7 _ 63 _K/(D _ I_S _ KI_I_

_m_tm o_ e_p_rt _

_,K. A.

A1sbsmthiv.,_ C_: (1)ept. _Cm_ut_ml_timSct_o)AVAIL.NI_

llm_ $rg_

G.L.C.

_he c___l_a__tn_is tt_cfe_p__, prcgmm_hi_h co11_m
taxi mm_ tnfimmtim about ti_ solntim of dill:trait _ _ a w._-dd:iz_ mi w.1]._
El E_ thm _ _tdd_e_p_rtl_'avlorlnflrdlngmluti_tons__. _ Intmls to

tl_ _tcatim of this _ to_,t _d cmtml _imatim_ _ a _ smttm
mv_xzm_, __y frr pm_, l_t, cmmmimtims, _1 attitude cretin1, arms _ muchof the
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__j. E.

m_ A/__tmmeor_C_., Oam:_ds, IA)

C:]D: _SZa_S-AT./_ (tfldmce, Nt_d_tionandO:_ntml_, Srl:xaltss, CD,._g. 19-21, lg85. 5p.

AB_

AB_ _ Al_Bmatntmm__afl.tghtlir_m_intmm_mt_dl.ttyf_rf_mlt___t __. A
c_Ll.tty is pr_rk_ fnr _kmlat_dtmttngofaUm_3_--h_Uhit (L_. _ rests
q_atim of theU_md tt_es'-u_ali@_ntofint_q_m t_that I_. _tn_9__tatma
test __. _ Vmntmm_ C_ntrol and _ _ 04raP) is the om_ mmintmm_ cmpu_r
lomtecl tnth_equitzmtl_. _emminsl_c_mstn_Uatetm_md_ _osim___nd
emm_ a _ efftc_mt _r _t_ _t_d _ _ _. _ n._ht, only fmlts

_-_u_d_t _ty. _, _lde _m_ dam m tl_ _:_ v_ _ _9 _U_.

8_41019_ISSJEIgP_E27_C,_II_8_11P._ES; Y.n_ _D3(II, E[_

um_ o_c_t _ fnr n._ht _t_

C:_: ,._P_; ,._:m.Sodety f_" _c_ and_E_ SC_',mS,_ _ C_-.4663), ,,n,l. 32, no. 369, 1994,
p..,_i3-.,,_33. _un_.

_ I_LE 1811_ 2_25_ 8 _ I0 I_ _ _

wz_, C.-F.; _ S. P. _ W(aztrgcb., smtt_, m); _(z_trm _za_-_s, _d_rdail_, C_)

o_@ov_o_o_o_ee_v_o_o_oe_e_o_o_e_oo_ee_ee_o_oe_vo_e_oo_oe_o_e_e_ee_o_o_
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un_ _pm_ _e f=r a_rm/_n _ sp_e

•J_A/h_A_S,D. D.; _,_

A/(OfliSmda Institute of Tedrnl0_, Jet Propulsion[dxxatory, _ CA); IY0JSbF, Space Tedrnlo_
OmU_, IOz'tJa_AFB,NM)

OCt,: Jet Pmpulsionlab., _lifnmtalrm. ofI_h., Pasmis_; Air _e Stme_Omtm:, Kirflmt A_,
N. Eimioo.

CID: LNI_D Sr/_IES; _ ,_m_'lca _ 07/.0-722_, vu].. 23, Feb. 1_{_, p. 74-77.

_: /*KEt}O_ *tflIZrA_ _K3_

H.S.I_

.q_: lh_ Jet _pdsian [alxxatmy is or_ntly _ mtP.].ll_ _ mtmmy tedm]q_ to th_ _ f_r
use lamLll___sammsof_tl_g=x_ndsupF_m_Izmmts. "___zep_m
on the _ arflVoyaS_r._,_ftardl_tt_ion-_fmuZtdetmt_rd _Um. _ mflitmy
mtel_tes _ imoqx=ate an aummms _ and mtntmmm ,.==_=,=,t _ in an maxmd
_, _ tl_ systm wtll still be subject togma, i-bmedsaf:irgommads f_ sdtmtiom demndtrg
deeper_. Ale_15 ar_,_yvlllmsi2_kb_m_y, 10Hb_ti_datastom_eand_0Wpo_erard
will _ 20 k_. _ _ beperlodlcallyd_ecksi_do_wiu_m ideal In the data base.
D_latiom detmtsi will m_It ina rollbsd_and n_krdmt e_mtlm by t_o mi_, _hloh

_it_t_ _tlon oc_mmflsuntilc_atlcral criteriaare met. _hede_t of theexpertsystms to the
pointthattheysatisfymilltmy spe_iflmtiomise_ct_ to ta_ 10yr.

_ 18 RPI_: N)-KI]2flI_ __ AR_C,-'_3-3076-VCI,.2 Q,/_: F3361.5-81.-C-301983/07/00
2 VflLS485 PK_ _ C00./.l_ _ G0V_

_: Plmll_x_,,_U_. 1_-_. L_

&I_:NBBND, D. A.; W_,D. A.; _,M. D.; _D. L.; F..-'I:IO,_, P.. g.

o,_,l_c,o_p., smm,_, (_.tf. css: (o=_drmv.)

0_. LNI:IID_; Vrtght-Pattttmn_B, OMo_l_I_
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un_ _tio_ _ =d omt_ optiffi_t_

C_. U.S.S.R. _ansl. into mazm fzm =too. -m_l_ts_ _ i 0FdBi=atsiya Upmvlmt_" _,
pl-12
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SAP."I/_md byZDR_nl_h_zl_l_smrchCm_tvm, in_Sa'dStnmt, f_rSpam_ttm_y_te_p
1-14(SEE)_4--IC&5608-16)

CID**tlblH_Sr_[IES

,_OS; _ mquL-'mmts fx_ _Vax_Space_mspcrm_znS/amm (ASlS)are meem_ In tems of ctmmnt _S_
mimic, models, am_pts and telmtc_reluim_mf_A._Sam__ith partloRar em_haslson

l_zxti-to-<rhit and ot-hita], mmsf_- xehicles, ggussion-mlat_! te:tmolc_ mquimmmts f_- flight
_ticm, Right _mtml, aem hmt_g, _1 mterials md smmtt_s am elt'mizei. _ drives
f_r tim _lousmissims_midmt£fSetaxil__ismmmlated tothemllxotection system and
su_tumt _ts am .,,,,Re,,_4. Oth_£smm, suchasslpambEi_o_ od_im], tnmsf_ ",_hicles
(01V's),eq_mlah_ or mml_ __nsys_, ardam_Ixak_f_rOlV's, am also addmmmd in

mlattm m _IXOtmtims_oama'fls'm.mtumln_r_rm_ts. "/_i_limf___t
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._,_I: _ S,_l:_m d_t _th ._,,_ft l_=bl_, tl_ topic _ guida_ and omtm_ _ fir
_bir3_. _lit_7 appltmttons of siam f_ m_l_tim, o0murdmtim and intel].tSa_

m:_imm_t_ m_,::_mr.i_, o_oit cmu'c_a'd lx_lntir_ _o_-_. To_t tights
f_ f:_-um _:z_E:m_ tl_ _ _ edm:i_ _ts, _b _ _tmtom a'd smmm, is _mrr_

multlSzmtioml useo_'_doussmso_or_ttmaxct_s totxodms_cttw, smvt_ble_at lo_
rest. _m-bo_o_ut_cat_itymshlmth_useof_cat_l_f_ref:_tt_ ooq_

orate. A uzi_z_to__mm_'tistlz_uu_o_tl-_su_um_1 _tlm in

o_dsr to adde_ a specific point_g aco.u_. La_ stnct_s, vith their _h_ca]. flecibi]_tty, lxesmt
l:_'tlo,,nlsr _ to the cmtml _ a'd oc_ntml./smx:u,_ Int_:_t:kn (C_) is a d_iv_g f_me inmm_
o_-_mt p_x_n_s a-d_L_z_tnti_papm_pmsmt_d. Fortr_ti_,_, s_ _
l_2z_.

8_R2237_IZStE3P_E345__83/12A3) 6P_S__

Ur_ _ attitudeomuul and ene_

_1It: _, H.

_timal ,_rmrdcs and Space _tion. _ _ F1tsht Orate-, (_emi_t, !_1. AVAIL.NZ_S

SAP: _ AIO/P_ iV]lYn N_S_

0_-20)

C_: U__

_ Center _nt_gmt_l P1_-_.1 Ted.1., 19133p 93-_ (.qm. _B4-12228

AB_ B.G.

AI_* _l_ eff_t on attitude emtml, by _,11:it_ _ (used f_ _ stom_) is ci_crll_.

8_l_Y/_ (_d-(_) (_: I_S1.-17633 DL_: 0083_3_12C_DI: _ Natlm_l _ md Space AJmlrdstmtlm.
h_g_l_z_h Cmt_, _ptm, Va. _od_ _t_zmtioml C_p., Wry, C_li_.

tn_ _e _c_Dity of c_it_ mt_als tedrnk_ to m attitude cretin1 _d _ _
__20, L_4/,_LY 3l, 1985

_ Cmt_, i_ptm, Va. Tectm_, Ync., _-lm, C_if.
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O.G

_43 ISKE 19 Pb_g 2816 ¢ba_l_ 63 83/(II_ 32B _1_ In l_S_ _ [Z_E_

Ain:n_ ard __ cmtml -- Itmtm book

b//llh _, B. N.

_n Amim.

I.IL

fnrd_ of _'n _vlet sp_pm_m_pm_mmt. Attmt_n_gi_mto _ _ pmidm
_=aC't emtrd, s_smm, _attiu._ntml., o:nt__duc_mmtt'y, m-d o:nm:d.

E! _'q:ix'cpfls_systmm. ___c_L_mmJnth_dm_n_mt_mticfl.t_t cmmfl. "_/
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ur_ _ fltgat cmtr_ _ty _t

/vg_21_, E. I]. _ A/(W_, ¢_isht-Patm'sm _, OH)

mrIm srm_; m: _smpa:efluid_andemtmlsystms; _xxmdtr_ofti_mspam Oagrms and
_mitim, lag Beach, CA, Octal3-6, 1983 (_g_012-08). _mda_, m, S_iety of Autmoti_
l_irm_, Inc., Lq83, p. 43-47.

CR.

._: A _ _ of e_g_g fl_ht cmtm_ _ is lxesmud d_id_ _ tact_c_ fl_ht m'e_mt,
m_rmd d_t_t fl_ht cmtmL and _nt_mted _.L=_ system. _he f:i_t__ pi_t of the f_e, by
us_g em_h'E d_.Rgamts in tact:tcal _ a,_,t, _ be able to opmate at rdght in ad_v_ _ather
cardttims. 1_ _1_ £1y a-d mmar_ at lo¢ altttu_ to adde_ savlvahle pa_tmt_ _ _t _.
I_ _.ll rw_te _, a_v_g m tim at _7 spmt_ _atims, and _ be ab_ to be m_-mted m a
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No: P1.4 Title: One Oxidizer / One Fuel

Operations Requireaent:

Simplify propellant procurement, transport, storage, pumping, safety equipment
and procedures by designing vehicles using only one oxidizer and one fuel.

Rationale:

Each individual propellant ground system requires its own little army of
engineers, technicians, safety, and expensive, hazardous facilities/GSE.

STS has five propellant components, each of which require separate procurement,
transport, storage, pumping , GSE, safety, operational procedures, engineers,
technicians, etc.

Sample Concept:

Propellant-related ground support operations and the different vehicle systems
test and checkout would be immensely simplified if only one oxidizer and one
fuel were required.

Technology Requirement:

Development only.

Technolo_,References:

See P1.

P
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No.: P2 Title: Eliminate Separate OMS and RCS

Operations Requirement:

Delete OMS and RCS as separate systems from MPS.

Rationale:

If MPS can be utilized for OMS and RCS, it may significantly llghten
and viii simplify ground support operations.

vehicle

Sample Concept:

Use one of MPS engines at greatly reduced throttle for final orbit insertion

and de-orblt. This eliminates separate engines, valves, thrust structure and
tankage with a modest increase in on-board MPS tankage.

The integrated propulsion system, for ideal simplicity and minimization of
"systems" should include, as a design goal, the attitude control functions of
an ERS system.

Concept dependent on booster and orbiter having independent propulsion and
tankage as proposed In STAS.

Technology Requirement:

I. Develop throttleable MPS; see PI.1 and P2.

2. Develop orbital restart capability

3. Develop Zero-G propellant acquisition techniques

Technology References:

See P1.
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No: P3 Title: Eliminate High-Maintenance Turbopumps

Operations Requirement:

The ideal requirement is to eliminate high maintenance turbopumps.

Rationale:

Turbopumps are very costly to develop and manufacture: heavy, very high RPH,
cavltatlon-sensltlve devices.

Rocket engine cost, refurbishment frequency, refurbishment cost, and T&C/O time
consumption are largely driven by turbopump sensitivity.

Pressure-fed engines vlth plug nozzles are a vlable prospect as specific
impulse is relatlvely insensitive to chamber pressure per se.

Sample Concept:

Develop a low-pressure-fed engine in the interest of providing minimum tankage
veight and simplifying associated transport and handling GSE. A
non-conventional (plug) nozzle will be necessary to shorten length, reduce
velght, and compensate for the for-chamber-pressure thrust deficiency of
conventional booster nozzles.

An alternative is to develop a turbopump that is robust and essentially
maintenance free.

Technology Requirement:

1. Lightest possible PPLB design (competive vith turbopump-type vehicle)
2. Pressure-fed injector design
3. Igniter design
4. Plug nozzle design, toroidal thrust chamber, or other concept to shorten

nozzle and increase lov altitude thrust coefficient.

Teclmolo$7 References:

See PI.
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No.: P4 Title: No Hydraullcs

Operations Requirement=

Provide high thrust
hydraulic.

actuators for vehicle systems using a system other than

Rationale:

Hydraulic systems are heavy, complex, and plagued with O&M GSE activities.

Vehicle and ground support operations would be greatly simplified if simpler,
more reliable alternative is developed.

The following data are provided for processing of STS-31, Orbiter Atlantis,
launched November 26, 1985 (flight 23). Data source is the Shuttle II Data Base

Development prepared by SPC sub-contractor Pan Am World Services, Inc., dated
July 24, 1987.

SCHEDULED MAINTENANCE, SYSTEM 58, HYDRAULICS

OPP OPERATIONS

TASK MANHOURS

Te---c'_niclan _ 1,045

Engineering 930
Safety 84

Ouallty 397
PPbC 230

Support 1,933
Logistics 554
Overhead 439

NOTES

1. This dat_ STS-31 only.
2. Beadcount 26 (5 techs +21 "other")

3. OPF dwell time 27 days
YAH dwell time 4 days

Pad dwell time 15 days
4. Orbiter Challenger was in parallel processing

during this period.

Total 5,612

VAB _TION

TASK MANHOURS NOTES

Technician
Total manhours

88 (actual)
473 (ratioed)

1. Total manhour-to-tech ratio above, is
561211045 = 5.37

2. Headcount 32 (6 techs +26 "other")

3. MLPs contain extensive hydraulics systems for

test support subsequent to vehicle erection.
During 51-L the 6 techs rotated between the

2 operational MLPs for test support and
system O&M.

The hydraulic systems manhours (6085) and headcount (58) identified above are
not an obvious burden when compared to a major tentpole such as TPS (57,115
manhours and 264 headcount). However, hydraulics activities are pervasive
throughout the entire process. For instance, elevon and body flap areas are
TPS-intense work locations, but access by tile techs is denied during any of the
numerous repetitive "hydraulics-up" periods.

The following presentation of major hydraulics tasks is intended to provide
further insight into the far-reaching impact of flight vehicle hydraulics and
associated support.
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HYDRAULICS SYSTEMS DEFINITION

The Orbiter hydraulic system consists of three independent hydraulic systems.
Each of the three auxiliary power units provides mechanical shaft power to drive
a hydraulic pump, and each of the three hydraulic pumps provides the hydraulic

pressure for the respective hydraulic system.
.._j

Each hydraulic system provides hydraulic pressure for operation of actuators to
control orbiter aerosurfaces (elevons, rudder/speedbrake, and body flap), the

three main engine gimbals (thrust vector control), main engine valves, external
tank umbilical retraction, landing gear deployment, main landing gear brakes and

anti-skid control, and nose gear steering.

OFF OPERATIONS

TIME TECHS MHRS

VIOIOA - Hydraulic System Conflguratlon/Deaeratlon 8 10 80

Vl131 - Hydraulic Accumulator Checks 24 5 120

This task determines the precharge pressures of the
Orbiter hydraulic system bootstrap accumulators and
the main engine return accumulators and charges the
accumulators to flight pressures as required.

V6012 - Orbiter Hydraulic System Check 68 7 476

This task performs a detailed visual inspection of
the orbiter hydraulic system for damage from usage,
corrosion and mission environment.

V9002 - Orbiter Vehicle Hydraulic Power Up/Dovn 8 7 56

A. Hydraulic System Preparations and Valkdowns.
This task prepares the orbiter to accept
external hydraulic power to support hydraulic or
associated subsystem testing.

B. Depin Nose Landing Gear 8 6 48

This task removes the attach bolt from the end of

the nose landing gear actuator piston rod to
prevent inadvertent movement of the nose landing
gear.

C. Raise Landing Gear 2 2 4

This task applies external hydraulic power to the
orbiter for the purpose of raising the landing
gear.

D. Position Aerosurfaces for Rollout 4 4 16

This task secures the flight control aerosurfaces
at the completion of processing operations.

E. External Tank External Commands 4 6 24

This task checks the external tank umbilical
retraction external commands.
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F. Hydraulic CompressibilltylDeaeratlon

This task runs the ground hydraulic power system in
advance of its connection to the orbiter to

condition the hydraulic fluid to meet established
requirements for purity, water content and
dissolved air content.

G. Landing Gear Reservoir Fill

This task fills the on-board hydraulic reservoirs

with hydraulic fluid.

H. Lower Landing Gear

This task hydraulically extends the left main

landing gear.

I. Lower Landing Gear

This task hydraulically extends the right main
landing gear.

J. Orbiter Disconnect and Reconflgure to
Dedicated Systems

This task disconnects and removes the external

hydraulic power and returns the orbiter hydraulic
system to a flight readiness configuration.

Total:

VAB INTEGRATION

3 24

4 3 12

48 3 144

3

4 32

Note: Manpower quantlfiers not available for VAB Integration

V9002. Vol. I - OPP - Vehicle Hydraulic Power Up/Down

Applies hydraulic ground power to the Orbiter in the OPF to support hydraulic
and associated SVC system testing. Also secures the Orbiter and ground

hydraulic systems when hydraulic power is terminated.

V9002. Vol. 2 - MLP - Vehicle Hydraulic Power Up/Down

Applies hydraulic ground power to the Orbiter on the MLP to support hydraulic

and associated subsystem testing. Also secures the Orbiter and ground hydraulic

systems when hydraulic power is terminated.

V9002. Vol. 3 - Vehicle Hydraulic Circulatlon Pump Power Up/Down - Reservoir

Quantity Adjustments and Sampling.

Applies hydraulic power to Orbiter vlth onboard circulation pumps.

V9002. Vol. 4 - GSE Hydraulic Power Up/Down

Powers hydraulic ground support equipment to condition hydraulic fluid prior to
orbiter power up.

/,
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V9002. Vol. 5 - Flight Control and Aerosurface/SSME/OMS Actuator Positioning

Configures the flight control system to support Orbiter hydraulic application
for subsequent subsystem testing. Provides aerosurface/SSME/OMS actuator

positioning for operational support. Secures the flight control system upo
completion of testing or operations.

V9002. Vol. 6 - SSME Power Up/Down

Configures thrust vector control (TVC) actuators and SSME's. Applies SSHE
helium or controller power to the Orbiter to support hydraulic and associated

subsystem testing. Secures SSME's and TVC actuators when hydraulic power is
terminated.

V9002. Vol. 7 - Hydraulic Power Up galkdown/Vehlcle Preps.

Prepares Orbiter and work areas to support hydraulic power up.

V9002. Vol. 8 - Vehicle Support Tasks

Performs vehlcle support tasks prior to hydraullc power up and after

hydraullc power down.

V9002. Vol. 9 - GSE Hydraulic Power Up Preparations

Configures ground support equipment to support hydraulic power up.

V9002. Vol. i0 - S70 - 0952 Flexhose Installation and Removal

Installs hydraullc flexhoses (program model number (PMN) $70-0952) and

trays in the aft Orbiter compartment to support Orbiter hydraulics.

V5057 - TVC/SSME GSE Installatlon/Removal

support

Procedures for the installation, use, and removal of ground support equipment

(GSE) used for testing of the space shuttle main engine (SSME), hydraulics, and

guidance, navigation, and control (GN&C) subsystems.

S0008 - Shuttle Interface Test 9 (LPS)

Functional checks performed from the firing room to verify: 1) orbiter/MLP
interfaces, 2) orbiter/ET electrical and fluid system interfaces, 3)
Orblter/SRB interfaces, and 4) operation of the SRB systems.

S0020 - Shuttle Fllght Control Integrated Tests (LPS)

Interface checkout and functional tests of the SRB flight control system from

the firing room.

V9005 - Hydraulic Standard Pover Up/Pover Down

Provides 3000 PSI ground hydraulic pressure to the Orbiter for

aerosurfaces, body flap, thrust vector control (TVC) actuators,
retractlon/extenslon, and other hydraulic operations.

operation of
landlng gear

Vl149 - T-O Umbilicals Interface Leak Checks

Performs leak checks of the interfaces between the Orbiter/external tank and the
umbilicals vhtch disconnect at the zero second countdown (T-O) at launch. Also
checks the timing of the disconnect valves and verification of purge of L02/LH2
from the disconnect cavities. Checks are performed after umbiltcals are mated
to the Shuttle system but prior to introduction of any fluids through the
umbilicals.
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$5008 - Orblter/ET Umbilical Mate

Connects umbilicals to the Orbiter and ET. Installs umbilical purge curtains at
the Orbiter/ET interfaces and configures Ground Support Equipment (GSE) to
monitor ET tank pressure.

S0004 - Orblter/ET Mate

Lifts the Orbiter in horizontal position and retracts the landing gear. Rotates
the Orbiter to vertical position, extends access platforms, and mates the
Orbiter to the ET. Mates Orbiter ET umbillcals in accordance with OMI S5008.

PAD OPERATIONS

S0024 - Prelaunch Propellant Servicing

Controls and sequences the following tasks on the Integrated shuttle at the pad:

I. Load hydraulic and nitrogen for each APU prior to flight.

2. Service the SRB hydraulic power unit wlth hydrazlne and gaseous nitrogen.

3. Perform SRB hydraulic power unit hit fire. k

Sa=ple Concept:

State-of-the-art hlgh-torque electric motors coupled to low-friction ball-worm
linear actuators and hlgh-leverage mechanlcal linkage hold promise of great

simplification for ground support operations.

Technology RequireEent:

Develop motors with ball-worm actuators and self-test status
specific applications.

reporting for

Technolo_ References:

Design development only.

Conclusions:

Ground support to flight hydraulics is a surprisingly large, ill-defined
tentpole. Innovative design and development of an alternate energy source
promises to provide a significant reduction in KSC shuttle-equivalent headcount
and GSE. The resulting simplification of processing procedures and operations,
unquantifed by this study, can produce a very significant enhancement to the

ground processing operations. The hydraulics timeline, as shown above, requires
197 hours in the OPF alone (25 shifts).

If hydraulics can be replaced with self-tending, health-and-status reporting
electro-mechanical systems, it appears realistic the VAB hydraulics support
force (32 people) and about 20X of the OPF O&M support (5) can be eliminated
from a future launch vehicle (theoretically converting OPF hydraulics support to
electro-mechanical actuator O&M). This represents a decrease in shuttle-equiv-
alent headcount of 37 people or 37/58 = 64Z.
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Noz P5 Title: No Hypergols

Operatlon_ Requirement:

No hypergols for launch, orbital propulsion, or APU systems.

Rationale:

A very significant quantity of non-productlve manhours occurs during each flow
for "area clear" required during hazardous openlng/entry/operatlon of OMS and
RCS orbiter systems. There is also a snowballing effect in facilities and O&M

requirements for special ventilation, scrubbers and a multitude of safety
equipment, including a small army to use and maintain SCAPE (self-contalned
atmospheric protective ensemble) suits.

The cost of hypergollc propellants is also a factor. For comparison, a pound of
MMH or N2H4 hypergol costs $10.00, and N204 costs $2.75/lb., whereas L0X costs
$0.04/ib; RP-1 - $0.50/lb; C3H8 - $0.27/Ib, CE4 - $0.71/lb, LH2 - $1.62/Ib,
and 90Z H202 - $3.20/lb.

SPC HYPERGOL OPERATIONS

The SGOE/T Study report "51-L Vork Volume Indicators", dated September 30, 1988
reveals the following SPC operational headcount.

Hypergol Maintenance Facility (Area facilities) - headcount 27.

Tasks: Operate HMP, process repair FRCS and OMS pods; certified repair facility
for all hyper QDs; O&M GSE at HMF; operate ordnance lab; operate LIOH
lab; perform astro arc welding for all KSC.

Pad Operations; Hypergolic Systems - headcount 42

Tasks: Maintain GSE, piping, valve complexes and pressure distribution stages for
storage and transfer of hypergollc propellants at Pads A/B, including R&R
of components. Provide support for servicing orbiter OMS/RCS systems and
orbiter APU system.

Pad Operations quantifier - OMI S0024. Hypergol Propellant Servicing - 70
technicians

The Phase 3 addendum to Phase 2 Final Report, "51-L Work Volume Indicators",
dated September 30, 1988 (page 3) shows the SPC skill mix includes 32.1g
"untabulated administrative" (QA, safety, secretarial, analysts, clerks,
security, business, human resources, etc.). Applying that ratio to the HMP

headcount (27) and hypergol pad operations (42) ylelds a conservative SPC
hypergol headcount of (27 + 42) x 1.32 = 91 people. This headcount is

conservative because, as documented from the SPC Operations organization data,
it does not include Process Engineering, Sustaining Engineering, Data Systems,
LPS, Communications, Support Operations (facilities), Logistics, etc.

EG&G LIFE SUPPORT SERVICES

The hypergol impact at KSC does not end here. EG&G is the KSC contractor
responsible for life support services to the SPC during hyper operations. The
following data were current May 1988 and are intended to convey the complexity
and impact of hypergol operations, all of which are perceived by the
institutional culture as extremely hazardous.
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1. The number one cost driver for self-contalned atmospheric protective

ensemble (SCAPE) life support is procedural and organizational response to
OMRSD requirements, perceived hazards and audit trail. Any hypergol
operation at KSC requires the follovlng EG&G llfe support headcount
as a minimum:

ACTIVE OBSERVER

1 Supervisor
2 Mechanics

2 Life Support Techs

1 Safety
1QA
1 Environmental Health
2 Fire

Total - I0 heads

Note: LSOC/SPC duplicates this cadre during the hyper operation.

2. Scope of EG&G llfe support includes:

Pads 39A & B, OPF, HMF (OMS & RCS FACS M7-961, M7-1212), VPF (M7-1469), SAEF

#2 (M7-1210), PHSF (new vert. proc• fac.), SPIF (CCAFS), SLF

Responsibilities include:
. Provision of SCAPE suits to all KSC/CCAPS user-contractor personnel except

Martin Marletta/TITAN
• Procurement of all KSC propellants and gases

. Storage and delivery of hypergols to users
• Maintenance of tankers and related GSE.
• Contaminated/waste handling and disposal

3. Relevant EG&G headcount data for 12 launches (STS) per year:

HC MISSION

7 Storage and delivery of hypergols - (cape fuel farm) and collect
waste from field flush (contaminated fluids)

4 Maintain 11 ea. tankers and " 100 sets of transfer equipment (flex

hoses, valves, connectors, etc.)

I Supervisor for above

6 Engineers (propellants)

10 Other support (health, safety, fire, QA, etc.)

39 (about 60Z of total life support group) provide SCAPE suits to
LSOC/SPC - includes techs, engineers, management/supervisors

(administrative and business "bureaucracy" not included).

9 Sampling and chemical analysis (all support - QA, material, etc.)
cleaning and component refurb - Wiltech Corp. subcontract to EG&G.

Total 7"6
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4• Equipment quantities and other costs factors

EG&G has:
• " 150 suits - $11K ea. (current S)

• 50 liquid air backpacks - $5K each
• 11 tankers (replacement eminent '89-'92 to meet DOT requirements

for rollover protection of valves and higher pressure rating)
• Hypergol scrubbers - trailer mounted are large and expensive

2 ea. trailers and 14 fixed scrubbers " $150K each

• Hypergol stockpile storage system (construction at CCAFS underway
for existing requirements, 200K gal. fuel, 100Kgal oxidizer - "
$5M - requirement driven by USAF position relative to states

enacting legislation to limit or eliminate manufacture of

significant quantities of hypergols on environmental concerns•
(4 year stockpile)

• Contaminated fluids disposal (Wiltech subcontract) - each

scrubber contains " 750 gal. - $1.071gai disposal charge each

hyperload sequence•
/ Disposal - $33K112 launch year
I Alcohol flush - $10K112 launch year

I Freon/N_O_ mix to clean oxidizer systems $2.6Klyr.
Scrubber llqQo_s (NaOH, citric acid) present environmental disposal

problems and tail gas bubbled through NaS solution contributes to
disposal problems.

/ $38K fuel system waste (contaminated rinse waste water)
/ Undefined cost - new fire training facility (can't Just dump in

: pit and burn anymore)

• Design factor - Where designing hyper systems minimize (eliminate if
possible) system low points. Each must have a low point drain, requiring
much additional work by the "circus". EG&G presently funded $124K for
design and procurement of low point drains in 1988. (about 50 or 60 ca.

required)

Potential significant cost saving: Lightweight SCAPE suits are available
and used for fuel only. Umbilical hoses are used instead of backpacks,
and are comfortable for long-hours of use, cost 5Z of normal SCAPE price,

and are 25Z weight of normal SCAPE. They are not certified for oxidizer
because they are rated for liquid oxidizer for only 30 minutes• These
suits should be allowed for oxidizer - limitation is arbitrary and
unrealist--_.

5. Other headeount factors (LSOC/SPC): For 12 launches per year LSOC/SPC are
forecasting a headcount of 40 each Pad A, and 40 each Pad B to support

3-shlft hypergol systems and operations. Hands-on hypergol headcount
support estimate for LSOCISPC 2-pad operation is 200-to-300 people for all
GSE.

Sample Concept:

Utilize portion of main propulsion for OMS.
for airborne/orbital RCS.

Adapt Space Station 02/H 2 thruster

Technology Requirement:

Develop systems using prime propellants for 0MS, RCS, and APU applications•
(See P1.)

Technolo_ References:

(See PI.)
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Conclusions:

Contemporary launch vehicle designs require some type of OHS/RCS capabillty.
The use of hypergols is yell knovn and provides satisfactory propulsion
performance. The full impact of hypergols on ground operations, hovever, is not
yell knovn by designers, and leaves such to be desired in respect to potential
safety incident, schedule impact (through unquantified, repetitive area-clear
events) and the basic labor-lntense response to system O&H requirements.

Hypergolic propellants are highly undesirable from a ground support vlevpoint.

This criterion has shorn at least 91 SPC persons dedicated to KSC shuttle

hypergol support, and another 76 heads for life support (a total of 167 people).
Utilization of a safer propellant family can potentially eliminate the external

life support requirement (76) and reduce the shuttle-equivalent OMS/RCS
headcount by 1/3, i.e., a potentlal reduction from 167 to 61 people, for a net
reduction of 63Z.

Theoretical simplification/enhancement of ground operations and processing

schedules are unquantifled herein, but ace believed to be highly important.
Procedures for the post-landlng safelng and deservlcing "camel caravan n can be

such simplified and accelerated. 0PF OHSIRCSIAPU hyper operations, habitually
scheduled for second and third shift, can also be si_p!i¢4_d _nd %tea ....clear"

periods eliminated. Pad safety and countdown tlseline impact can also benefit

significantly by use of a safer propellant combination. In addition to the
above potential safety enhancement and headcount reduction, a potential 1 to 2
day reduction in shuttle-style ground processing timeline is estimated as a

potential benefit for elimination of hypergols.
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No: P6 Title: No GN2/He On-board Purges

Operations Requirement:

Delete launch vehicle on-board GN2 and He purge systems.

Rationale:

Subject systems add weight to vehicle and electro/mechanical/pneumatics require
special small O&M army and much time for ground processing and launch. In
November 1985, a typical month, the SPC expended the following on propellants and

gases:

GHE @ $56.001MSCF 5,930 HSCF $332,100

GN2 @ 6.00/MSCF 65,000 MSCF 390,000
TOTAL:

LH2 @ $ 1.35/Ib. 430K lb. $580,500

L02 @ $86.001ton 1,910 tons 168,500

HNH @ $ 8.0011b. 32,480 lb. 226,600

These "cost volume indicators" reveal for designers of future vehicles that cost
of purge and pressurization gases can be much larger than usually suspected. In
this sample, they very nearly equal the cost of LH2 and L02 combinedl KSC Launch
facilities and GSE also consume a very considerable quantity of GN2 for purges.
If CN2 is readily available in large quantities to support flight hardware, a
mentality to use it at any desired location unavoidably creeps in with resultant
rapid escalation of commodity and systems costs.

Further quantified data are extracted from EG&G Technical Operations consumption

report for processing and launch of STS-26R, launched September 29, 1988.

VEHICLE GASEOUS NITROGEN CONSUMPTION, STS-26R

DURATION USAGE

EVENT
(Ist attempt) _

VCI)IYr (2nd attempt) 3 19,000
FRF (ist attempt) 4 19,000
FRF (successful) 3 19,000
LCD 3 12,000

Total:

Cost ($4.00/HSCP) = $346,000

Note: Normal daily usage for other C-39 facilities not included
in above data.

VEI_CI_GASKOUS _ CONSUMPTION, STS-.-26R

DURATION USAGE

EVENT
(lst attempt) _

VCDDT (2nd attempt) 3 1,900
FRY (lst attempt) 4 2,000
FRF (successful) 3 1,900
LCD 3 900

Total:

Cost (64.00/NSCF) - $544,000

Note: Normal daily usage for other C-39 facilities not included in above.

._.J
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The above STS-26R costs were calculated from the KSC contractor commodities

price llst circa May 1988. The following are extracted from that llst.

GHE @ $64.00/MSCF
GN2 @ $ 4.001MSCF
LH2 @ $ 1.62/lb.

L02 @ $55.00/ton

MMH @ $10.0011b.

N2H 4 @ $10.00/ib.

Note: L02 (fuel cell grade) is $264.00/ton

Sample Concept:

Eliminate sources of hazardous fluid leaks (and consequently purges) such as
bolted flanges with seals, flared fittings, etc. Utilize welded or brazed

assembly techniques and/or Nitinol compression fittings.

Design vehicle vlth multitude of small, lightweight, inexpensive electronic

fuel and oxidizer sensors capable of verifying leak-tlght vehicle
configuration. Best of all: use innovative concepts to devise systems that do
not require inert purges or pressurizations. Shuttle expends hundreds of
manhours per flow in manual use of mass spec for leak detection at all velds
and plumbing fittings. Load fuel first. Verify system leak-free, then load
oxidizer.

Teehnology Requlrement:

o Develop MPS engine requiring no purge prior to firing in atmosphere.
o Develop MPS engine requiring no propellant tank pre- pressurization.

o Lightvelght, low cost mass spectrometer for launch and fllght environment.
o Consider Nitinol fittings, particularly for hard-to-reach connections.

Technolo_ References:

NASA/RECON (abstracts attached)_

86X71562, 86N21849, 85X76796, 85X76476, 85X73181, 85N21386, 85A47011,
84K10941, 84A42759, 82X78166

Conclusions*.

Innovative reduction of vehicle inert purges and pressurizations
potentially reduce cost of inert gases up to $.9 million/flow.

call

Innovative elimination of "normal" purge and pressurization systems will lead
to a grossly simpler vehicle, requiring greatly reduced ground processing GSE,
headcount, and time.
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No: P7 Titl____.ee:No GN2/H e Pressure Systems

Operations Requirement:

Delete GN2 and He valves control plumbing and
systems.

propellant tankage pressure

llatlo_e:

Elimination of GN2 and He storage bottles, supply valves, manifolds, plumbing,
and multiple test and checkout, will significantly lighten the vehicle, and
simplify and speed-up ground support operations.

See criteria item P6 for gas quantities and costs for STS-26R.

Sample Concept:

Provide electromechanical valve actuators with electrical self-test/status

capability. Propellant tank prepressurizatton at launch provided from cryo
propellant boil-off with vent valve cycling as needed. Use gas generator or
engine hot gas bleed/heat exchanger during flight a la STS.

See criteria item P6 for specific data on gas quantities and costs.

Technology Requirement:

Design application of existing technology. Innovative vehicle design.

Technolo_vReferences:

This criteria item P6 for related references.
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No.: P8 Title: No Gimballed Engines

--__- Operations Requirement:

Devise thrust vector or vehicle attitude control system which eliminates need
for glmballed engines and associated hydraulics, seals, pivots, bellows, etc.

Rationale:

Gimbal systems are expensive and heavy, and add a severe burden of
test and checkout to ground support operations.

O&M, and

Sample Concept:

Using multi-engine concept, and off-center thrust vectors, use differential
throttling for trajectory control. Accept less than "normal" TVC angle
specifications. Reexamine the flight dynamics models to determine if the TVC
requirements can be reduced to a point where methods other than gimballing

would be acceptable.

Technology Requirement:

Throttleable engines; see Items PI.I and PI.3 TVC concepts.

Technology References:

See PI.3.
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No.: P9 Title= No Extensive Recovery & Refurbishment

Operational Requirement:

Eliminate crash and salvage operations similar to STS SRB. Any land recovery
should be benign and easily transportable.

Rationale=

Experience with the STS SRB's has proven it is not cost effective. Any water
recovery with propulsion/avionics units would be even worse.

Size and weight of recovery module dictate firm landing site with good road
access. A typical module of 50,000 pounds, the size of a small two-story
house, presents a severe transportation problem.

Environmental problems also exist with residual hypergols onboard with
land recovery.

Sample Concept=

Expendable or runway recovery rather than parachute type recovery.

Technolo_ Requirement:

Simple integrated propulsion system design that can be built cheaply enough
to be expendable. (See Pl).

Technology References=

See Pl.
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L1 Title" IOOZ Computer Connectivity

Operations Requirement:

All computers associated in any manner wlth operations, flight, or ground must

provide and maintain complete conneetlng (bridging).

Rationale:

The vast amount of data required to support and maintain any operational system

requires maintenance of maximum efficiency.

Paperwork currently requires a large portion of the allocated operation budget.

A potential reduction of approximately 30Z of ground operations cost can be
achieved by automation of paperwork.

TYPICAL STS PAPERWORK PER FLOW

AVG. AVG. AVG.

NO. REV. PGS.
PER PER PER TOTAL
FLOW FLOW DOC. PAGES

Flight 0MIs 513 195 210 148,680

Facility O&M OHIs 215 N/A 43 9,245

Job Cards 682 628 7 9,170

Problem Reports 1,250 N/A 15 18,750

Test Preparation

Sheets 339 N/A 46 15,594

Totals: 2,999 823 321 ,201,439

Plus Scrub Turnaround:

AVG. TOTAL
NO. DIST.

COPIES PAGES

95 14,124,600

25 231,125

35 320,950

N/A 18,750

N/A

155

* New paper cost is $1,200 per page; electronic is $600.

15r594

14,711,019

Update paper cost is $200-300 per page; electronic is $I00-150.

Sample Concept:

Utilization of commercial DBMS which support heterogenous flle transfer and data
import and export via MIL-STD-1840A.

Technologies References.

NASA/RECON"

86N27948, 84N31144, 84N23296, 84N21107

DIALOG" 2034798, 2011582, 2011580, 1979702, 1978939, 1964804, 1947009,
1877817, 1876159, 1868213, 1852081, 1842967, 1836336, 1823013,
1380555
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ISTEIN71; Omr_tivi_! _: fzt or flcZhn; l]mbeck,F.X..4din. 14melp.. O.IS4) wi._,
no.8 36-8 ._. 1_
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_mmmt: _R_P_;

nucum__Ty_Jll_ B
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vtth pmBzaam, anderdusmsvtthenduse_. 11_eazesmamalstqasddchca_betabmto addzmn
o3Tactivl_tssue: estah].tshasoalf_za]._ttadsetof_acbcs; esmhl.t_asetofh_lo]ate

_.'-_ ass.me _v_,-_" to the end _ fzrce all r_t_ addrmsirg to be ]z_cal_ _;
aUm file ted,dqum su:hasv_ual f:L]e/cUskmz,_eea_d_b_t f:L]eaddmss_to be ed-user
_hl_ estshlL_ 8]d_ mut_8 fir all m_,cck c_:tc; dis_-lbute ret,,od_ cmtml and
audtod_ system; use of_-_ _; and tn_l_ t_e ed use:, mt_ck _ and
aa_mmt in the correctivt_, _ maldre pmoass.

I_scrlptms." _P,-CB4RJ_ lh_

19797C2 138X)625_, C87(T:All_; I]_4's advamedccmaxdcat:ims azd'dteco.mm Doyle, L.V. lat. I_ta Oxp.,
Pmdr_haa, ML%0_.Bus. Q_ur_ Mr. (U_.)_l.17, no.226-31_1_

Tmam_tt: GB_IER_L,,_v'I_;;

_t.._e. _ P_m

_T_; _,_ the tzerd to_t_ multi_dor _n_t_on andho_ _ o_ani_t_ons can utilt_
I_'s ad_ncecl ooamJnic_tions pmtoco_ 5_ elect_nic nell, documentea_'eree, dam file e_sree,
ad mt_ appltc_t_ons. ]3_ is lxomttre its _-S_Jtms _tv_ _-ddtectum-md its
assoctat_l pcotxco]s as the mmmmlarsu_ fz¢ mulH_ _mardcat_r_. But a cz-lt_cal question
has bern d_ethe_ _s mjcc cm_e_t_s and other _ _ support the S_oased
ezdd_ec_. For r_ _e an_r aPm_ _o be that _ vt11. Despt_e _s_at_ns, I_al
8quJp_t, i_ds, _e, l_]et¢-_cka_, l_ta _ a_l _ _ _ aze pm_d_
l_nks _ their office s_s_a_a'd]_hosts_unrdrel:_S_! ard_ 1987, othe¢ oEf:Loe
_¢d_s axe eq_-ta] mmnf_mtoSL_,ardttsm]a_dazchttmt_m. C_,.._.-..-,_ m]:_l Ixotoz_
mq_, in the f_exe, a].l__l_-_t teedlr_ciooamt_addectzedc _LI vlth
_t_'o_: e_r_.t_rm _o _K and ]3_1eqLt_q_mt, gld._ _ arc] ZM's _tzcldc ma:rLlpmtooo]s have bern1
--_,_ in _ _ sJRxzt, Ia4's ne,_t azdd_ec_uzes, _ Comm_vtty

sumx_. Bo_,o_H_ese_otmo]svtltalsoFickq_sum_f=n_L-dpm__ ad
luzdun _n_xs.

_scrtptms; C]4H;]_ _; ]_01033[S

Idmti/dms.

M _87_071, C_7C_17;
_w]ett-_d_d Silt
M

_-]e_.l C__f_at_esa_pmdsimpltd_ _, 14.
_ke Q¢to_ 0L_., Or, _ ]_ct:z_ Dee. (t_) _o1._, m.4 113-1619 l_da.

_mmmmt: _ 13q33.1:_
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_c_ _ _m, aC_t_fnr_pdntedcim_t 10oE_, oasmm _._
¢it_i_ _d _ is_lta_ot_dmtrr_'ati_t_t__. Itlet_m _ mt_
sa_mties intr_ti,__!y, s_ulate eim_t dest_s, e_am _ lilxm-les, d_k e.l_trical design
ml_ _ _ eriti_ _ n_Ln_mts. A us_ _ _tl_.l_ _ _tivity,
simlaclm scim_ and assign ph_cal _-_. the d_tgnmu_Cton systm _ an
e_y--t_-lmm _k _t _hieh _14_ tnt_mtioa _tha o_at_:. _ its halgfnl
fm_ am iotas, mlti_ _, _ omt_t-_:ie _ _ a omsist_t _hies _lit_:.

E_lpu_: CI3GII_A_LZ_S(_4_3N_; CIKI_IA,_IrC__

g_n,P.._r. 14icmDsvicm, Ir3c., _ (_US_4 l_eJ_ P.J. (l_mcs)

Int. _ Cmput. _vmun; t_ _caticn ,_rlcm: A _ to C_mter Te:tml_.
of the Eighth _nten_ticm]. _ on _ G:mm_catim 413-16 Lc66 L5-]9 Sept.

1986 _t_dd_, C_mV

_b]._ Nm-th-lb].Lmd, _ste_dm, Ne_ xv+783 pp. 2_I 0 M4 71_K) 9

_tmmt:

(4 l_s); _e integrated se_ces digital mtwd_ (I_S) m e_vtng _ fix sd-to-end
digital cmmctivity mt s_ices, is e_pected to lmeam_c_ i_ct ca the r--l_H,-,_ of
ml.ti-,_mfl_ _ md intrudes. _d_ mth:_ f:imt dmcrl_ p_smt _tiom a_d da_

e_-ummts, tl_m' reeds for a m_.ti,mflx tnugmted retrofit in tt_ eT,rlmmmt
dimumed. ,_-l_lxie£l,y_f-'_ng_l_, ti__a't_h__,_the_nm_.
th_ __,tivlti_ ttmvt._.]mdtothem_emc_ffl_. _e_activitimimlu_tnitia]._l_
__:_ _ the d_t£. -,_p_,,,_nt_cem_ml_t:_ _ _ in
ded_m.

Class O_ies: I_X);_

_mm_t__ JU/tt_ B



de_IGp, I__amsti_twingtoca_togrlpsvithcmr_tlvit_. c_mtirg m
integrated ret_ wlth _ and softm_ fxcm di,_me _rdvm. S_tlm or cml_tthfllty,
m_g _t d_ces and alm_t__Isstillat ti_ fm_mmt of
cmvm_ d Inf_mBtlm _. _eI_irdusU,/Isfxxo:ast to_byamti_ 29 to
percent thls y_ar, and again in 1988 _Im _-tces are expected to drop.

Dmcrlpt_m: 1.0ffAL_

Idmtifflem:

1K/7817 S_[_8175,_; Opalsystms f_ f_ta_y _mmx_Icatia_gochar,V.

Intel Int; _ 86 _. 15thInt_mtkml $y_msim an ._tamti_ T_$mlq_ and
,_matim vith Parti_,_ar _ to OaapuUa:Intgg_amt gamfactt_ _ 8607A/15 6-10 Oct. 1986
gJ.lm, 9_Im_lard

_tlve ,_tvm. (1984), Cv_Im, _ 3 "_)i. (i+114+v+T36_+725) pp. _ 0 947719 05 7

T_eatmmt:

"I_e: (Hqt_l_ P_tR

_; _1_ _turlrg _t_tim Pmtoml (raP) has rapidly !_ he mast _ about s_ndant

f_ _mltt--v_x:i_ emm_[catians in tt_ f_ctcly. _t_P, has_! an a local a_a net_ldrg [t-d]asophy,
_ of _ arnmts of dam bet,_m tnteUJg_t mchinm. On the fmct¢_/ £km',

_, time _Lstsanmtfmrafast, m].tahl_, lev-e_emm-dcaticm_ ttmt iseasy to
use. _ is a sms_-actmt=: _ inte_ar_t scham _ _¢p_Jfl,_y to add_ss the roads
o_ such _, cmt-sm_ti_ applic_tia_s. _is articl_outlims the spm_iflcatim of
these t_ cmplenmtazy s_ anddescrlbesaset of0l_qnvdales avaglah]e to _tmms
zequimJ m _ q_n systm cam:tiv_ty in their pax_t oef_h_.

Y_nflf:tem:

S_4S _

ClassOa_: _ _ C_g_O
i

• • • • • • • • • • • _ • eee • • • • • • • • • oeoo _oooo • • • • • • • • • • • • • • ee6_e oeo • • • • • • • • • • • ee • _oooee • • • • • • • • • • • • • • • • • • • ooo • • • • • ee eee • • • • • • • • •

H]7(_4,, C87(_2_; _: a local emm nvt3_k of multiple cmmct_vity I_mm, H.IL;
_a_, J.L.; _lsm, J.D. _pt. d Ele:=. _g., P_ _d_. _. _Cm_ _m,

Spm_v. _; _1_ _ '85. Cu_=_ _ ((hr. No._) 64-7 roll L_5; 7-9 Oct.
Lq_ _unt_ Oat._ Omda

(12itS); l_Dlgr-gL_aloced, a_eanetumkofcammttvttyK(g,3ca:4). It_a n_d_r
stm:tme ard uses tt_e adnlam nmber of lki_ to dnatn th_ _ car_ttvtty. _he _ of
these __smt_l. Apmtvcollatsbemdefl.n_faztl_netmdtm_th__ of
dam_nan_faddm. _IXOtV_mes _b_s_nd_t_. A_deslsnLsalm
lZeSmted of-amdefiarl_gr-3. _esemt, md_s_emstmdatedma_cagut_ m vbta_
eadr _ erd delay, l_su_ts of tt_ sladattms ave pma_ted.
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Dmczdptms: FNJL¢_3.BR_ _; £0CALAXF.ANI_lT_; NELVlqK_ql[X_; _ SIZl_Hl_;

_: StRVIVNCE l_q _J:G]ES; NUEE 13_; EH[]qEr; LOCALAZ_.A_ OF HtLZII_ _;
m_ H]NI}SJ4NUHBBCIFL]]q_; RqYB_[4 _13_; qH_IX]Eq.¢; EE[AY

(::]ass Oxtm: 116211I; _ I_EO;
• eo* ee **e*e*e***oo*eeeeeeeoeee****e*e**eooo*******e*eee*e*****o*oe**oo**ee*eeo*oo*ee***eo***e*e*eoooo**ooeoe*o • o*oo

_3_$2S, (_i_, C_OGI_O; _ _n csmmica_k_s _: _abat's_ md _hat's mt
(bII:w,G.; 1;(xds(T_)_l.l.5, m.412-17 Dec. 1.q36-Jm. 1987

]:S_q: 016_7t,2

q_ceatal_t:

_E

B¢¢1_; _ tm-ds In _tqp:atton and _ imlude the omcept of dq=armmtal ompuc_, oc
the _F_,_,tal zesou_eprocesscr. Dq_-mmral_tsth_tdmthat, _the pinto'a1
mnput_- a'd tl'm_Jnalm_'po,:at:t_ d',_villbea,._.m-,mlsysm,,actirgas an
:l.nt_mtur _ _ o_p.m_, q_ atmln a _ m].tivu-dor mvtzmrmt, mmudcattom
bet_m dt_bmmt types of o_ee systm_, _t ixotom]s and _t local, azm m_ are
_. ql_ :I_! tx_m d_g ard tl_ ]:m K: mtvodc _n th_ _a]. mv_rmmt of lc¢al _ m_
tn ]a_mqxxattmsare tmpcrtmt r__ts. Y_ad_t_, :l:m emm:ttvtty _s ag_=,_harea.

:is52om. I_8"/(_0ff74,C8"/_387; _ d a _ d f=dt-t_]_mt _t_t:Jm rt_t3¢(_ J_, L.; _Tg, Y.
DqX. of Elec=. _'(., Pamylvmta Smm Udv., Ud._s_._ _ _ tB% l],_g, _; Jeccbs, S.M.;
Sm'm]m_, _._. (a:llmm)

Spmsx:. I_ Fersyl_'da Smm IJhlv.; _ Ymcm:lh_Gsof the )$06 _tm_n_tornl (_mfi_mm an
(est. m._._) _ Lce_; z9_2 ,_g. _ st. cl_]es, ]i, u_

PUb].: 1_ O].put. So:. P_em,_,l_C, lJ_x_d.U+lO51pp. ::I_qOS_60F2_6, U. S. C_tr_t
Chm:a_ Oml_ O:de: 01_0-3Fm/86/0000 -(_3_.00

(6 lv_s); vim mea_o__aldM_a_aledisrdbu_ _ s_sm_ m
_Um _u_v_msL_dsm_md_un_ca_Ces_bmm_x_dandde_q_. A
qumtlmt:i_ ass]_ _slzmmtnd fnctlnfa_t-mhsmmperrnrsmm_ the_ h_ the
procms_ ecrr_t_vlt_md dsesast-emedhsm_. _mtisodused Jn them8_ is enmtz_t_

In rnt_e so _hst theresultrctm_du, s tiutthef_d.t-tnlasmceca_, of tJ_ pn_
_oxrecttm _ L_ ldd_ tim d_t o_ ot_¢ eCs¢i_ sd_, Ix_t also my _ m the 10ads
<_a_ fazlt-tr_emstmut_ a_nvlth _ spsm md _tm o_h_z_.



Spmsot': /_4; Q:mput. OmmJn. I_,,,. OJ_)_fl..16, no.3254-64/_g. 1986

(Z]_ _: 01_; ._! SI]31E_ '86 _ m Cmm_cstims _tectu_s and Proto_ls 5-7
-_R. 1985 Sto_, vr, _ u. s. (_trt_ht _(_t_(_xie: 0-89"_-_._.75

_=,mt__: _ P_

(18 Pef_); _m tm _: _ distinct o_mimtims tn_t _ir in_ cv_puter
mt_ks tt_ f_mm_nt_-O_ttm_tvxkOm). _Sssupport thees__ _ data
het,_m mmuf_c_ and _tum, sv_u_ dtst_butim from _ to us_m, CLSt.m_ input
to _' _d_'-_7 syst_, and the _ use of ecpmsive c_putattanl _ by _mmrd_
_t=ies, as emqflm. II_ am'ur _.ly'ms the m:tuicat tm_mttws of intmmrr_ttrg mtu_l_
across ot_-d_ttm_u_es. ,_'_rm_irg thec:_ttm_nat_t tn,_ehENs_zeus_, the
autbm" dmmstmtm that su:h tn_ttms are not m_ by m_t_m_ mt_k dssd_
crit_la of _rrmtivity and _,,_,.y. To tl_ _mtm_, a prim_ ht_-l__l m]uLr_mmt
am_s cm_ol, and l_-ticip_t_g c_animtiom mustbe al_ to ].t_tt ommcctvity a_d mi_ mt_k

vtsi_. She descrt_ a ghum tnsed an nmdisc_ti_, cmmK _hi_h
tn_cirg o_mi_tia_ to _ _tem_, _ a_l s'yste_le_l _ to mfz_
c_-txurd_ cmtmt ov_ in.cation a'd inf_mtion flo_, d_tle _bdmizirg in_ vith
_ntem_ op_at_ns.

C:lamO:_es: g:gl_Cr_O

1836336

Bimtcc_ (USb) ,_1..6, m.ll 1_0-3NOv. 1986

I_q: _g7943123

T_a_mmt:

Type: _lltl_L _Htt

_ _k:_cv_ute_, a_dthe_fldfl:edto__. Tvd_, tlw_sa need
f_ m4_¢-,-._ empm_ to in_t _th _ _ _d _i _c_'_. __, _d this need
In,ml'_s Im_ mu.nts _ dam :In _tlml _ts. 'I1-e,m'i_ has eml'vecl :Lnt_ a
mpm_mt'y f=r data film m',da _ fin:¢mpn_-tnumi_ opemt_ms.

Idm_:
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C:hnmClxiw: C5_,0S110

]823_3

_'. Oml_t. S_, _ _ IJhiv.,_tte, IA, IJ_

_[XI'IS_': US Amm/118s. Of_m; _oftt__ml_tumIMz_ttmsinO:_put_teature

_b].: tSAu_,_. Of_m, B_smzd_dargle Pazk,NO, I._Av+414l_.

Class(_ks: C_20

• • • • ee • • • • • • • • • ee* • • • • • • • eeeeee • • • • • • oee oeee • • • • • • eeeee • eee • • • • • • • • • ee • •eoo • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ee •

ms_. omo-_ml

Clam COdm: (E:61_; 05].9_
• • • eoeeeeoo • • • • eoe 04) o0 • • • • • ee+oo eooo • • oo • • 00,8,0 • 04) o0 oo • • • • • oo • • eeeeeeeoooo • oo • • • eooeo oeoo oe el • • eeeooeoeoo • • ooqJ • eeeeeooe
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No: L2 Title: Automated Electronic OMI's

Operations Requirement:

Operational and support procedures should be computer-based and maintained.

Rationale:

Conventional hard copy procedures are difficult and expensive to maintain. The

manual update, copy and distribution of procedures does not provide for
cost effective efficient operations. The lack of procedural discipline results

in many errors. Automated procedures would control procedural sequence, data
recording and associated support data presentation.

Sample Concept:

Procedures to be received from vendor in MIL-STD-1840A including graphics.
These data then to be processed into an operational site procedure format. As

procedures are scheduled for performance, the test conductor calls them up on
on his terminal and follows display of instructions and sequences.

Technology Requlrement:

Procedure authoring and update, standardize text and graphics formats.

Technolo_ References:

NASA/RECON: 86N21206, 86N20477, 85N27754, 85N27121, 85N24835,

85N12793, 85Nl1603, 85A37968, 84N21406

DIALOG: 2037337, 2008924, 1783653, 1713486, 1670611, 1593032,
1502409, 1401285, 1381439, 1335095, 1221478
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8_1112_ IlSKE 11 _ 1_0 _ 62 85/C_ 12 1t_[_ In II1KI! _ [_:IM_ Ir_ KPOLI6

UrlL:

(I1_:

Stm_szdtmttmof locslsres_ (L_): L_serclcesrd I_tnterface

A/VNqK/I/D, J.

Rflllps Intmntlmsl B.V., Einfo_ (Ne_rL_is). C_: (TroUt _v.
AVAILNHS

Te]ecumu_caticns _ms. )

SAP: IE K}9/_'K)lLnga-dfld.tjk_st. _nY_efle_Ns_IAN-[_. Y_Smrch_ttm_l.AN12p (SEE
sm-2_m n-62)

tmqs:/ _ (n_ _/ n_ _n_rA _ n_ _ _ (_/

A_S: o_nit_n and _uffi.t..dlzsttm _ties of a _ mdml_ _iepsdmt tnterf_ wi_in the 0_. __-_-
In--tim Iksic tb._=.-.- _ _ in_stisstel. _is staxtmt _ .#told emble a simple
carr_tlm betw_ temlmls a-d IA_'scfdlf_mtm_acttmm_. _e__th _ to fut_-e
cammlcatlm-intesmml IA_'s, _ f_ the cammicatlm in one _ or cmp_, ms _.

kinds of cummlcatlcn mcmL_memsti_e_mmsofti_I_f_theumsp_of data hlodm end
cm_tns data strems.

•SRwI_D477*#ISSUE 11 _ 1733_ 18RFI_: t_t_,-(1_-177B41_ 1.26:177841__L-3 (NI_:
BF:V'12,/(307 ',_LS2AO I'_ I/_ I_

Space statim data s-ysten _atrtflt_ct_e stt_. _k 2: Opt:h:ms _t, DR-5. Volm_ 3:
Pmg_mmtic cptims

(_. _--I_vtE1as.,_m'_utlcs _., Bmt:IrgtmBesch,Calif.AVAI_

_. IE AI.I_ ,_g.

CID: L_ S]I_

bl_ H.G.

_a_ 2 in the Sps_ Staten Data System(S_6) .,_m],T'sts/A.-'d'd.ter.nnStudy is the d_t _E m tnfimmtim
bese tl_t vJllsupport thecondmt_Etmde_a-d_-_,,_tdatato make des_n/pL_g_mmt_
dmisiam. _Ismlmm_ttm_ffi,,=loptta_nttm__ticcat_SvtTmddmmctm-lms these
_dam with respect Iv l_-Emmmee atwib.mm, _, costs, md rlsl_. _ pt'cgmmatic ca_

m_'xxis used to_t_m_tlm_, q_mtimmdmtn__ tim _
sped_te smm ,,__,w_ indu_ _Almtim/,_ty;, sysmm mmSmmt; md system _t,

_ _,,._m=,_, mEtmm _t El _ _gmtim, test _d _ificat_on.

I_D .m_l f_ _ data _, pE'tl
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_t of _, Wsshlngtm, D. C. CSS: (I11z_t_xate frr _tim Opemtlcre md l_pot_.)
AVAIL.NHS

and _. In _ditial, it omtsim _ _ and criteria fnr the _tim of data elmmts
snddsmcu_s. Dd)50[D.12-H,I]s_mb_l, 1982,isb_l__. _is_lumcmmlrss._of

b_ i,_rmmtlo,m dam element and dstz oxies _..i=dlzac_,, theo_dm of theHm,sl ard how
use it. Sec_m2.0, S_A_IA___A'_(I_mmA, sl_cifies_I_o_brm f_

dam elm,mrs a,loMmintb__to£D_msea,_ _crl_er/atot_em_in the __lo,

Izomss. Sectlm 3.0, _D __01__ANDOII_, cmmlrsl_of all lid)sumdm_1 dam
ele_mts a,_4a_bys_a-_m_mf_mm_nmb_,n_ma,_le_o_ofomte_. Se:Clm4.0, 08SO[EIE
_A _ _D (I]]_,lls_ d_dmnIe_DoD[_meIs.mtsand4amc_s _n _ L,:L==.._nmb_

a_r, alp_b_imlly by _, a,_ by_ outof _m_.

• e$_eoie _ ee _* el • e_ *e • e_eeoeeeee _o_oo_oeeo_ieeeel _eo o*_oe_ll_iei

85127121# ISKE 16 I:'i_E 2774 _ 32 BPI_: /_A152134 84/09/(D 109 l:_ _ IX_M_

&;IH: _, S. L.; _, It. L.

_m Sdvol, _bnte_, C_lif.

_ _6/_ _1

AVAILN_S

CID: _ SZ_IES

_S: _,_ 8mE of dflcimtm_emmto_mo_mimtlm'slnfm_tlm_cmb__ thm_ tim
ig_nmtlo, and use of a _m dlctlam_. _ tlmls dd/r_ the stn_tu_ and fmctlom of a dam
dlctlam7 and a-_lyms ti_att_ptoftheNstlu_Bur_uofStmds_ t_Ixum_te a stmd_ sofue_
sp_Iflmtlm f_ use in the _almtlm and salectlm of dam dlctlemrles in the fs_ml _m_mt. Crluria
f_r u_eldmldsts_rin_tlmms_mm-sSmmtmd_reti_u_d t_ealmm__ dsta
dletlc,_ _. nmlly, s_ Id_ _ _ s_Ucsti_ f_r d_ dlctlo_y _
pmsmmi.

ISS.E l_IR_2_6C__B_S_621eI%: Kig_ll-1725821i_Sl.26:172582(Nl_._I_GI-2A285KS/(D107
_ [IXIMeE
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C:ID: _ srm_

I,_: _ _ (o:tl,,mmS)l _ (_)I _ AmID l_mmv _ _ :

M.G.

_': M.S. _esis

NIIH:_, S. K.

(XI_: _ __m Sdxx_, Mmte_,/,Calif. AVAILNIXS

(m0:.LI_m]DSI_ES

_ee mthor(_)

a dlstrlb.,tn:l d_ml:nseal:l,u_ m:Infxxmt:Im-.-_,t. Y_ _Is flus:Is tin_,,_tm'dc _ Y__
(KE) _ Is esmdned ua_sys, tmfxx-m_Iz1_a_dnm_ UMnK the KE
cmc_t, a'W cmsu, xi dd.ch c_M _e _ mxl fzun tl'n re'n"stm*dani dam set cm]d _ _m _

pSL't_C_tl'_ cmm_. _t_ c_ tl'_ sort _ symm _m]d _ci_tmm _mt_s amg _
Md.]e not 1.1mttl_ perrlCil:nt:In_ cram, is m _l'_dm_ _ cr dam km--,_,,=,t sys_. _e

pmpmB tim w_rcm,:_tasast_iptmavdm,,14_l,n_l_dalmcflstrllml:hma_i mnSmmmt in
%%IS13_._P.

• oooeo e,* • • • • • * ,* * e* v*v * ** • • e * ooeeo * • • * • • • * *oeo **eeo • • • * *e • • * * e ** * • oooo • * *o * • * • * * *oe* o*o • • • • • * * * *o* * ** • e* ** * * * * • * • ** * e* * e* e * e* e* e*
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CtI_: S_ lntttmttanI Oxp., _ Park, Cfl._.

C_: (Artificial In_ trots:.) AVA]L.N_

_P: IE A22/MF/_31In 12m_ 1_smmx_hImt.

CID: U_IEIH)_

Artificial In_ in _dntss_ p 153-170 (._. N85-11._ (_-r_3)

._S: D_nt of ,¢'_ti_ aut_atie syamm f_ f_ult tmlatim and diagnosis mqtdt_ _ about
of tests _ attires. _tely, tmdittmal eN_'t _ are not _ suited to n_mntirg such

kno_l_d_. In this l_per, a sehsm is ix_mnt_ltint al.lom tim e_Ueit _tattm of M_
tlr.]amti,_ mt _ kr_le_a_ famm_ _t mtatnsal_tl__ _ o_
eqmt,t syst_ smh,s _ty, e_plmatmy_ty_d_ty. In_'dod_, tt_alaom
my Mmtstie d_mattm imo_l_ that mtnmmm _r_tnmm m_r gzmm to be tntmmt_l _flay mt
_y ,_-th_mg .--x_l mflxxts of mintmmm #ms. lXmtn-sl_e me_ le_l_ am
aim Im_t_l_thinti_sme_ Astq_flmof thest_elmtmnfial_t_nt_ and
_xltal to the dmatn of m_ fatlt _.

t • $ • • • @ u $ @ • ¢¢@0@@0 • @o@@@@@ t • • • • ¢ e@t¢ • • • 000 • • • @@@@ot • @ t • • $qt@ • t@@ @0 @or • • • t ¢@00 @@@ t@@ • • • to • @tort t@@@ @@@ $ • t t 0@ @@@@ @or@ • •

Sta'dauidam _ fit:frame smm it_jeets

_//I11:A/VA_% G. %'.

QD: _,Fmm¢ _ _F; ((n_m, m_s, _s_, md _it_t N_tims, _ cn _vtm Smstrg f_m
mmU.ttm, L_t and 9th, md _ _tir_, _, _ ._m _ 7, L_4) _ in Sp_

Q_3-1.177), ml. 4, m. 11, 1._4, p. 175--11_.

bl_ H.D.

tntztx_tim to the exi-_axt chin_ ommpt ahi_h¢mmldet__o_h tmmmmt md dam _r0mmV i_
ptwmmt md fi_tttm_ _p_t t_mtry md rm_t _, _r_dat_ b_ a_Cm_ _ddng
gtt_ and dt,_Aop_ by m tntmmttw_ ¢mmlmti_ o_.t_= fm _ datasym_m, comd_ted ,A_ six

_,mct_, am _. _statmof ti_ttxmmmonmaxtml&ta_ is e_Imd, with
mRmi_ gi,_t to tim d0cmmt on Iml_t mlemtty. _tmmom l_lml omtmL _ is a gflot

ttt_t f_r tt_ st_ mt t_ d_=t_tim of ther_dam _, is dmcztl_.

8/i_z£_*# _UB 11 t_B 17_ _ 82 8_¢0V_ 6 B_BS_ _

_mt Ru]P_t systm

co_./_ttoml _mctcs ad Sl_e _rdstmttm, _bddngtm, D.C
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AJLIL

ABS" _ struct'uc'eof I_.5_'s Office of ._u-efdcs and Space_ elmmmic tnfnmation s-ysmnmtvvck f_u
1983 to l_is_md, qlm_am_udsystentalumadvant_e_edst_mtmm, softmm, and
e_e-t_, and LXW'ides, (1)amputedmi _ dmt andL_c_c_ fzmm; (2) electronicslgrattzeand
tmmCsdm_ O a da_ _tlon _ (4)gX_=hics_ (5) in_te: oommlcatlons; (6)

m_.-,t In_oum_zn; ad (7)u_ edlcT_. _ sysmu is cootdimud vlthnmdquaru_ efSxts in o0des

K,g,adZ.
• • *e*e*o • • ***o**@ • *oo *ee*@ • • o o e.e*oo*********q*q***oee*eo*** o* e**e*q*** • **oe • e***o*o***@* • • ***ee • • • o*ooo**oo*@*o*** o*****

mz_7 m707_4._, cs-/_z_, An opemtlom systm tmsd on _ systm tedmiqum _ H.

Siems-Allds,_, 2tzld_.,9.-Itac]axl

m_ _mEraea_ s_itch___ST: 'zm_mm_s_i_z_.
(Cat. No._-5) lf=0-5 roll 1987 15-20 _ 1,q87R-amtx, AZ, Lr_

Rbl. _ 1_ ¥odc, NL US_ 4 m].. _d.v+l(R4 pp. U. S. Ocwrisht Clemmm 0mu¢ (:txte.-
(m431-5/87/0000- 01e_.00

Tmslmmt: ]_q/V_:13r_

OONFl_:agq_PAPBR

(9_efs); _mdpaloomspmadi_p]mmmt_nofa. q_a_1omsysmuaredmcclb_, q1_
sa].tent f_ettnm of _ undmlYlrE approachis theuseof a f_Kmalknowledgerqx_smta_[cn of

q_atlon andmintemo__ f_digltat s_itdd_system. _Is I¢_ledgebaseusestlmS_L
specificationand_p_Icn ]a'gu_, ectdmd by a mle-bas_ apixoa:hf_:_ def:initlm,
mfl mt axly mIdams tim ccme_ttn-el operating mmmls but _ be mm_mticeDy intelxetet Jn an
eq_rt qlxm_tiam systm ccrmctei _ m tim s_itdms _ntmlleL _tm t_nlermt_ticn stmteW is
based on ape::sa_c_:uu_ _:_:) mdbmdles u'-e_em_ir_a.:lm._aurmcefir_:t:_cm _ _'e
d_ttal _b:t_ s'_s_ _ in u'-,eka_e t_se a]._ _xr _U_:at:kn_ ott_ s_ltd_t_

2OO8924

Spom_.
In t_suLt o_ 'Iktrdml_las:e. Pmmsfls_of the16th _mm'attaal S_posh_ as

_t:i.ve _ E! _ vJ.th Parttmlsc F_=,,=_.- to .,eLm:SmCi-mRtcm_c1=m_,
Vdde.leMmnSa_t Systms and(1_put_r-A1dedTmti_ 119-29_1..2 _ n-15 MW Lq87FloBame, Ita_

_mla_: PRK_AL

1tm dedm f_" trammel o.Btmm"mH_H_, and ttm_Sn custmm ]_flty, Ires zemdKl
a msl f=__sysmmf_dmc___vlmndcmLXCmmur tmsl
_r._:r, ic mnn'aUe_ in mmm_ .tTt_.'H,'_H,_. Gtre:al. F_mm' _ m.mmm:i'_
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mintmr,_ s_a (u4-_S) is a de_ee tl_t _s _ tn _-,_.14_ this 8ml. O_C_ pn_,des
a s_ce ted_c.._ _dfl_ m a_mated service tool that _onatical]y tests, iso]a0es f_,
_ _ pv_ec_s, m_mticaUy_t_ahern_a_ec_pleted, addoc_n_ mmh-
act.s. _ al_ pn_f_sthec_gne_c_L_ty_th_diatef_dc _ fle_

_hich am be a,alymd a_d used to _ the de_, mm_cu_e md service of v_
Ixodocts. _he _ __ the an_itecOxe of _ with n_e:t to its _t
_, tmple_tati_n stm_, fmlt isolatim and a_l>_ts _lg_mt,
f_ h_0ma_kn protocol ser_ce tectnicim _terf_ _rd update c_t_es.

Xdmt_Y_s: K_I_; _ _; FAKLRE_; FNJLT _; _ S_ID6;

178_3 _W_r_, _'7"_; _per_ minm_e _c systm f_ ee F-15 fl_ht emtml s.y_m
I_, J.; A_t, M.A.; Be._, I_; mtl_mr, C.J.; Ho_, L.G.; 2_mpi, M.J.

_; _eedh_ of the _ _ Na_na_ _ and _ecumics _mfev_, _ 1906 (cat.
_b.8_Y/-7) _ _.4 _ 19-23 _ _ I_m, CH, USA

_keatmmt:

_1_I; _he _t of a l_otype _ _ f_r _ F-L5 £_ht cmUul systen minumawe
di,_m_c _ is re_-_, l__cn_ee_mta_dsU_U_eo_ the nile tree, and
dmmctm'Lstics o_ttm_temrizm_tmdus_in_. _m_o_tbis_syst_m
_cattm is to mi_ all e_a_s' kr_led_ _ the fl_ht cmtml sl_m availal_ md _ to
tim flight _ _h_ md_ti_s._ns_h_r_c_'s-_.-__rd _ of

ave _ f_asil_fl_cmt f_timo_fl._ht contt_systmIl_l _ at tim
¢p_athml level d_ich_elat__ tomtestd_(Rl_at theiute_ettate shop k,,_.
lb_bc_:k_n _ the 1_ mteisaun_qoec__c_,dssys_m, _solthE _ the

Clms(_des:
I

eeooeeeeee_eoo

O_Y_2_86; P_ffi:tical c_ aided minten_e us_ the lcm_ledSe _ d_ _ _ta ,_

_. _'nm, r_,_an 'Fmc:'d.c_l.O:npuO_"Aided _/.n_ (Dtgm_Ho.._) 3/1-4 198623_
Scot.lmd

T_at_mt:
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1_q_U_; _ role _nmlntammdepm't_mt, a'dti-_xl_s_emtlJz_, ll_e_r, m_ity
tends to _ fzm _y a'dtln_pmblms_m_-,_bythe author. He outlJrm the
potmt_l advmtagesof coMputeclzJrgmJnte_sce pmcedun_ and describescriteriaf_ theselectJm
_ suchsysts_.

Des_tv_: VAINIE_t_I_

1670511 C8f_029833;_ _ _ f_ _ _ Bof]nmn,H.l (hvledes, J.; ]_tume, J.;
Bmle, G.; l_rxt_m, a. _ _ Wsm, _-_cr_; Expert Sys_. (_) _.3, m.1 4-12 Jan.
1986

1_atmmt:

(13t_s); 11_pap_de_-lbmacmcepma__f___sy_in v_Lr
_. A spec_ce_mpleo£tt_usec_thts_tn_m_sym_f_r a f_]d

repdrp_h_isgim_ _]_e_p_systmis_toas_t fleldsm_ce tedvic_t_
in _t_gand_e._:trmicsystmsat ti_bmrd_:,_. _syste_, aFie_S_-_Ice
_dvL_ _), isdesig_ tod_m_sirg_mltipledef_ts ineh_trmic systems, to
guide a _*r_c_ ___n_rp_L_, _Yd_s_ mt m_ repair
ef:f_ti_0_'Jms _:1 to m._ta_ _ f_ _bs_lumt e,r_gmt_n andqu_._W control.

_Z

Class_odm:05110;,C7420;,
_o_e_e_eeeee_o_e_e_e_ee_e_eee_ee_ee_e_e_oe_e_e_e_e_e_eeo_e_e_ee_eeeo_eee_eeeeee_oee_ •eoo

(_(_ff/Z3; lkl_'_mms_n_p]_ntmintmm_(_p]mt) kld_,j. _ Te=hm]..
((_) _.67, m.778 267-9, 271--3_.

aD_: H[q_7

_S_: (_6-_76

1_: JOtlt_ H

Lm_Jg_DB! _ _s_mssrlttmviththed_jeet_feNd_gh__ mint_m_
h_ tm_ m _ vlthtl_aid_ tl__. It is h_ tint it _ com-lh_ a
___,_,-4_t pert _n _ the a_m_, m]e, L_ _¢_T _! eh_tric_T, vitbtn the
nmseam_t's drJe_i_ nxe ef:f:tchmt by mdudr_ the taunt _ dvmt_m 6ae to _,
m:h_ta:_g equip_t Jnasa_cordtt_m _epSl_iSsub_vld_in_osixmtncate_L-les: (1)
eq_mtion of tim f_[1J.,Wzo£ tim mertJalPi:Hsd_m, (2) tnlzutx:tion _ _ facets of (I:H, (3) _-_
pmlm_t_y _ f_r_da_£ntoflm_, (4)cpm_t_vg tlmm_ssclmm vl_ tim
co_put_,(5) lXt_ mmm_ _th _mttm _ pt_t _% (6) f_ _ts _rdmm_y_
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Om='iptom: _q_.N.,(I_[/I_O_IffL; _INIEI_'_EN_IEERI_; MININ_

1._ c8_9, [I_; Managing mtntenmm S:i_, M. Can. Qmt_ & Y_st_m. (Camda)
_.24, no.3 83-9 supL Ha_ 1985

OClT_J_- 000S-3283

¢mammt: (_

v_urmt__." J0UCgLPtkt_R

_; An integrated appm_ to min_, both in sel_ti_ _ p_g_m and utili=_g
than an ti_ _ flo_, m_s f_ I_tt_ evmmicatims and, rest tmp_-tmtly, i_eps l_nt domttm to
a mirdaun. Oomparflesha_ b_gun to re8_ that a systumtte integrated approach to ma_ntenmm
its _,-_=,_ cm go a ]ang my to, unts mddrg cmtrlbJttms _n terns of: smoother, axe cmtmLled
day-to-day q:Ecadons; better and m0ce timely tr_tton fr_ d_ _ and Lr_ net
tzoflt. Todd, a systmadc, Integrated a_ to matntma_ consists of f:i_ mj_ elmmts:
cogxxate attitude; a_tive Ixo_; matntmace gg-u_; comput_¢ softmR; and
m_nt_,ax_ cmp_t_. A _h]_ hala_ aug tl_ fl_ elmmts gins a ]a'g _y toag_ a'oJriag
the _tucdv_ty and _tai_t_ of a mat_turtrg __. _ntntegmtat _ _ not, by
itself,_aflmte all. calls fzm imm es_mEs _m_ about late dati-_-ies c_ _ti_
lxoducts. It ca_, lxxc-aar, greatly nchx_ the f_ of ]ate de]_t_ctes that are due to
b_. It am also mirflmize ti_ l_dOn of dsfm_i_ p_ts attributable to the improper
fmct_ of _turing equi_t.

__.. Dsscriptccs: _ l_l_q_lq;; I¢IqLF_XtI_

Ydmdftecs: ]lqI]]]_]_ _; SB[P _ C_; la.A'x¢ _0hNI2H_; _ _;

K6NLF_:ItEII__

Class Qxim: C7_,C_070
eeeeeeo • eeeo • oee_eeoe_eeeeeeee_eeeeoee_eo_ee_e_e_e_e_ee_ee_e_e_eeeee_o_eeeeee_eeeeoeee_eeeeeee_e_ • •

1/._}1285 1_/670, Q_; Ah_n__nterfamugirganelm_mtrtx disp_
_, g.S. _ INSIKI4. INC., [_LtAS, _X, W_

Sgnsov: SID 1984 SID 1NI__ /_(F_B_l__>-sLq86; 5-7 _ LqB4 S_
_, CA, tr_

1M:,I: _ Ilq_. I_S. SERgK_, NSI'KIK, USA; /404 pp. U. S. O_ht Clmnmm Omte_ Code.

Tnmumlt:

i_mmU'_e: _ mPm

(:3 l_:s); 1_mm_n of m_nt_m_ inf_mmd_n toa .fillip7fieldt_tclm is

_n tin f=m o_ pa_ muds. [mired infmmdm ast _e extm:t_ by peg_rgt_ t_e _,
sa'nmttcs ard ott_ data cmtah-B] Ln time mata]s. _Job Per_Md (JPA) tsaca_ f_
lZ_ tr_dzn vtag_ardac__metmm_ [kmmdc

nductims tnmatntau_mandz_ t:_nshambemd=_=i_tai, but_of the oa_
is ]_mited by _ts depadmm m the pap_ matt_ _h_ _utmated Hatnmmm Ynf_mat_on 9jstm (A_S)
is m tnt_gmud conmpt f_ automdvg the d_t and delicacy of JI_S. _n _ntemcd_
a_ systm Lsumdtod_theJRg% ardapartah]_, z_delt, a_ysystmtsused to
izem_ thaa to the m_. 1he deltxaffiy systm Ls dtsamat.
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IdmtiI:lem:

• ee eoo oe • • • ee • • eee • • coo eooeo • • oeoeoeeoee • oeeee eeeooeeo • • • • • • eeeeoeooo oo * eeeeeooooooo • eeeooo6oee • oeeeoeoooe • oeoe • • • • • •

_.4, ND.4 _ _ 19B4

O[I_q: B_t_J3_l: 0167-2._U. S. (tVyr_tClemmce(;mtecCode: 0167_.C0

Tt_nmt:

(15 _s); teem1 _lectric Ompmy's Oxp_te msm_ md _t has applied
sys_ mdml_tottmpn/flenof tm/ded_t_ard t_e_ofdieelelectriclocamtiws in
_ 'mTdr_ _L_ s'-_s'. _e _ s_, rues _tlm mlm ard m _ e_lm tlut

p_m.el. Ax_o_es_mulns bemtq_nnmt_lin r_'th, mTd_madtzitalequip_t HIP 1_2_

_ttrg syst_ md _ m_s f_ _'mt_psystm), _z_y mpmsmtirg tim __ o_ a
sa'_c field _ce _. +_e_e, etremesa_ m_:_lm, _ of
rumtvg in ettt_r tt_ f_tmrdcrt_m_m_. _l_l_lpsys_cm _ tie q_at_ with
mmslstmm I_ _ r_e_ul i.,_Fmm_tim, co_ _ __ _a_d_c
rules m _-ltten in a t-ept_smtatim ],_gugge _ of _ lx_dicate Rncticr_, eight m,
_1 five utility _r_t_m. _e f:lmt field lxototylm _ syst_ d_lgnat_ cJ1_l
(o_mt_ _xifl_s_tirg _ D, ms d_l.twt'ed in July 1._ md is _t.ly
fS_ld e_lmtim.

Idmtffta_:

• oo@oo • • • • • • oo oeo • eo • oooo eoo• • • eoooeoo • • • • oo oo o e9 q_o o oo • • • • nJ o • q* • • oooo _ooto • • • i_ • • t eoo_oo • • • • eoe oe_eo • • • • • • • • • oe _o • ee eo

_, _; _ A C(]4H.Y_A,_ ___ _, C.; _ P.;

DES. _D_sr. CI_.!r. (I_)_L.1, _.268.-791_

07/0-7475; U. S. (_vpyr_t (_mt_mce (_nte_ Oode: 07/0-7475/84/(r_0 _.(_

(_4 _f_); _e _m (Ooq_x_-Atded _st a_ts) Systm he_ _ des_ s_m _
__, both in umf_gmif:l_l_mu_s_. _ _ test
_f_tions armmtlcal_, _rd _ both the _tim _U'_ thtm_ tim systm md a
tW_k_n o_m_timo_tes__. C_S_cmt_leda__an_elsa_dmcrlptlm(f_m

to ngtst_ tnms_) axi in mzdo_s rest cmteccs (e.g. lxmd or systm production).
a result, _ am _ tim eq_ecteddezme of dlvemsis mmlm:Im in tern

f_l.t-_., _ tl_ _11 also be _ mu_d the mmess_ s_m_m _¢a_n.
S_:un _ _r C_m4are s_-tt_m tn _ md _ b_ a V_ _-71I) omputer.
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u_tu_i_: (l_gd_l_12_}_; FgLTI_

12214m b/_172 gcr_o./x_; van-g_hi_ In_ _ts for an h_raro_ Integrated _dnt_moe Infonmtion
_tmg_l_t. _yS_Br86)_,m_ewP. ; _r_,O_mC. ; Jo_e,l_dP.; _oth,
J. T. _ _ A._meiate_, Inc.,Butler, PA. C_p.

Sx_mOx_s- 0g_47CC0; 416522

_mrmr: AirVoroel:Lmm_I.ab., I_'o_AfB,'IX.; I_.: _L-ZP-86-_OSep8610_p

PL'-_Ce$"

Omtmct No.: N__; 2262; 00;, _h_Aizl_x_Rmm__tmyis_ttm Ynteg_ted
_dntem_ Znf_ti_ _mtem (D_). _e purtx_ of rids system is to cmmlJdate all of tim

tnf_m_n systens used in Air Force matn_ into a sirgle set of _, _, _md

pintoeS, mm in   tivity m w.ingt Emto tmtnirg
t_d_cia_ tob_able toa¢o_ th_ fxflls_t ofmint_m_d_ta_ndbymkingawid_ _ofdat_
n_ay _dl_a_ t_ _h t_nieim. _is _ ex_ th_ _ tn_ _t_ of a
syst_ suoh as _s. _ye_mlat_gom_t_md_t_er_into _ f_tur_, it
IX_Icts tie tyl_sOfUs_-f_lendlyf_at_m ttntvl__ybeavailablex_m timlMlZis f_11y
i_nt_d. It ¢_t_k_ the tyt_s of _gff_t_n that r_d to be emt_h_d in _¢h a mint_m
_tion system. It out.l.in_ the r_latiomhi_ among the individual _ttonal el_g_nts. It
describes the da_ fiaxtional _ts that _Md be _t to _ _tion in
the system. It describes display fz_mts f_ lxeSmtirg each class o_ data m-d i.].]_trates each
Rmmt. It describes ttm inteacti_ capabilities tint must be _ted to pemit the ted_cim
to _mtatm the s'._m _ ,and_ti_ly.
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No.z L3 Title: Text and Graphical Data Acquisition

Operations Requirement:

Import and export of text and graphics requires that data formats be
standardized. Eliminate hard copy transfer of text and data for information
purposes and approvals.

Rationale:

The large volume of operations and support data Is currently generated,

maintained, and distributed In hard copy form and is highly labor intensive.

Sample Concept:

Text and graphics data imported and exported via MIL-STD-1840A.

Technolos7 Requirement:

Text and graphics standards_ MIL-STD-1840A

Technology References_

NASA/RECON: 86N17218_ 84N24236

DIALOG: 2037208, 2027585
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(XIE_:

_JS:

HINS:

._S:

DB.-_0_7EII'_ 85/00/_ 77 _ _ DOOJ,B_

_xtuct Dam_ stm_-_ (m_)

A/IQ_Q_,J. C.

SmdlaNatkmllal_.,Alh,lumlue, N. _ AVAILN]XS

[.NEI_sr_I_; Pmsmtedat ti_eFedemlOmpm__,Wsstflngt_,D.C., 9Sep. 1985

DOg

stmds f_PmdactDataExfl'ar_Starfla_. A]mg-tmatx_ject, _byga]nmlkztrecofl_e Boei_
empty, c_nmt_y e_tsts _u_in the _ _mittm m _=m]q_ FI_. _ Ixoje_thas two_ objecti_s:
(1) to _ an echa'ee stmda_ f_ pm_t d_ta tn _ of _kmrJa_ automt_m, ard (2) m mlxesmt
the U.S. l_sit_n in _e mtecmtkmZ Stmda_ O¢_ard=tim Ore) am_ __lati_ to ti= _t of a

__ _ f_th_e_hm_odmtd_t_. An__is_b_e_l out of tl_
belief tint no _ stmd_ can be ecterded to suRx_ _mtz-_ autm_tim _,¢R_t_ _11. Pm_t
r_ta is t_mbemme_t_Ix_x]uctd_:Inlt_d_ It_dst_lermt mtbemcim ]Xf_
_/e of a product; mmfzctm-Jng, quality SSSL_oe, test_g, support, etc. _ pmfluct aress

in _msdous _ _ m_k within the ImPS_ttee _ mdmiml, e/_trical, p]mt
design, and.48_ I4hile tientsin _t ltmmt/mtn tt_K_smpe m thes_azms, it tsmtumlly robe
expected that _ avam_Dlbeamngthef:imt mbe_vtt_[nKES. /_elqaamtof an eg_ha_
stm_ fnr pt'c_t data ta_s settl_m a set of ]q_cal smmut_s to cmta_n the product data
tnfzmmttm, _ also settlJrg an tt= =aria: in aktch ttmse structures will be iaplamated in caterer fzn.

• • • • • • • ee ee • • • oe • • I • • • • ee • oe • ee • • • • • • • • • • • • • e_• *o • • o#e • • • • • • • • • • _e oeee #o_ • • • • • • • _ • _*o • • • • • • • • eoe • • • • • • • • • • • • • • • • • • • • • ee

BIIH:_C.; B/H_J,A. J. G.

(X_. StsteLtflv. _l_Yc_kati_l_,m_mt. CSS: (l_pt. ___.)AVAIL.NlXS

C_. Ltnm_ sr_im

_s: Opemtlm admtnmammta_f_raalanaiZttatTs_oamoftmLmlu____. _a_se
mami== =mt_]mmatati_mpa-rm=dfzm=mxT_mt_ehelpo__= __
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a'd alsoasaidstn__. 'n'dsmlx_des:rJ.l_m_ t_m:k_t_ of
t_t:_c ]_s t_ct_ ti'n me _ cx_put_ m.::lms. '_'n m._ omc_n ts mt:L_ t_ ]_

_. A _ _md_.lc_ toopt_zllyd_mpo_a_tntoelmmt3, _o _ divide
el_mm into sets timt can be _ on trrlivtdml I_m, _d to automtimlly f_mt tl_ r__
c_ecm into peges. A __m_tol-_Hledividtr_tbe_tnto _ mzl tile l_e
:fi_mtt_g pmoess. I_ a_,-_,_,t and lagxrc prtiflm of a s_L,_]e pege is Exm_lated m_t:[ca].l_, and a

_ _ ona__mt_dmsd__Icp_a_umdtosol_t_s _

cs_mzll _utim tnt_mt_ _ l-tmr_ttcs so as to mimic m intellJS_t _ designer f_r the splitl:l_g of

cmpleK _ into l_ee st_i sepmm md tim f_mtt_ of ti_ _m.

2m7208 B_XD_, _:II__ f_ lc_iceirmit _. C_zz_t_i editim

I_gort__o.: _ Std 991-1._

_mmmt:

_¢L]3B_ A'qSP]_ SM 91-1_ ard _ SM 991-1_6 ixorlde mthcds by _hich e_me_,
tmtrddms, a-d sevim pmple can dmcz_ md _,_._,_ the bahsv_ a-d implantation of a logic
_t. _ S_ 91-].q_ixovldesa_'mdesczlbeasirg_glcfx_ctlmw_th a syntx_].,

uses to _ ti_ lc_c d_tertstics of rinse fmctiom or d_ces vitt_ut
s_ l_led_ of their tnU_'al d_mcu_-Jsti_s. _ S_! 991-1986deals with tim mlm_n

s_ls, tl_ cqxmmmtion of _nnections _mg _ _ ard _motatim _at _ e.larJ_
the fimct:l_ of a _t, md mtbod_ by _[ch a ctx_t _ uW be coo_ttmtecl vlth oths¢ fzx_s
of pmci_t d0cmmmtim.

Ydm_: _ _ID 91-LC84_ A_J]]_ SID 991-Lc86_ _ cn:uJ]T_ _ R/¢:13_ b"_;

C_ssCodm:
i

ooeoeoeoooooee

_SXP60BS,Qr/066574| C/sup3/]: in_ty in the Pacific Fonmtm, B.K.; Tomss, F.L. Stsml
(USA)ml.4L m.9 143, 145 H_, 1987

_: 01_-4938

11-mmmt: _

Dmmmt_Type: _ B

LI_iBUB_S.*

CIm_O_im: _ CTL_
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No: L4 Title: Automatic Test Requirements Verification

Operations Requirement:

Test requirements verification must be automatically correlated with the
completion of the associated procedures.

Rationale:

Current manual method is inefficient, inadequate, and error prone.

Sample Concept:

An automated OMI is truly paperless, with sequence execution controlled by the
scheduling systems and should track the completion of each procedure and task.
As each task is completed, without error, or retest accomplished, all
associated test requirements are automatically verified.

TechnolosT Requirement:

Distributed data processing, networking, computer/data connectivity.

Technplogy References:

NASA/RECON: 85N30000, 85A33722, 84N33290, 84A26738, 82N23042

See also L2.
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_ I_LE 19 I:t_E _26 _ 18

N&S_4_-I71513_ 1.26:171513Z-4]D.I-84-175-VEX_

Q_: I_$8-3508184/12/20 2 _[S 134 P/_S _ _

[E]_ Spacestaten autmat/m study-_atel]/teserv'lclxE, _:z]ume2

_: F_alReport,Ju,. -Nov. lg84

_]]Z:_ H. F.

CID: (I_IH)sr_Es

ABA: J.V.G.

_ mquim_ts Rr anmumd samllitesmvici_ ct_atlms _ tim _S_ space Sta_Icnu_e

_. the u_ee mJ= tasks_: (I)sevlclnK_ts (sa_.11iteand sp_cesmtlcn elmmts)
md them/e of m_matJm; (2)assessmmtof mtanatim ted3m1_g_,and (3)ca_ceptual_ of smr_iclrg
f-._d14Hm on the spacestatlm. It is Rxnd fiatmmy sewlch_ firctlcnsdad bereft f_n amamCtm

_l_p_t; and the _ _ and _t _-t_vtcIes m mtumtim _es for sa'vlcing d-nfld
sm_ as s_n as _. Also, sm_ _ mtmnt/m _ts f_ _ai_ sevicinz cafld be
e_m_i___va_i_d _oU.S.Ir_ksa-_gmrd treedq_em_ns.
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85k33722 I:_IB 15 I_E 21ZK)_ 16 IR_: S_ [Y_R_8_7_8 84/07/0014l_S _ _/4_r

N_ L.T.

ABS: lira tmmflts of a mm emmt,_ use _ ectmm_ctflm" activity (B/A) as a plm_ Bdmton obJecti._ md of tim
al_pmffi_ to a nze__tima__azl__Asmeelm_. Ct_:t_s and

of pmvl_ _s ammmmrlmt, axttimhuam,_mctdmpmfm.mmRca gtm_ misdm is
am]_ei. _, appcmd_, fadlt_s, md pmmdmm assoctaud vt_ g@, stmlaldm am m,-,_,_;

_ dLmv'].C_$,I-G _m,l.fl,_ _, _ _ _ _ _. It is p_L_t_ aut t_t

fzm tim stm¢ _ tim mtel.Ute _
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8_'q1329_ ]_UB 22 t:Y_g 3674 O_l_ 82 IIP_. ,_)-Al43438 .¢_1'_ 844R4D 72 tY_S tlCIASSilq_ [XXI]_

,_ eelmtton of t_o reliability ad mintaL,'dd_ty tnfzzmtion
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_3_ M.S._mls

_in_A/m_ L z.

,_ O]L_: Air _ Imt. of Teeh., _'Jght-Patte_m ,%v6,Chio. C33: (RJznl of Systems_ Mgisties.) AVAILNI_

CliP: IREI_srI_

aJth:r(avO

AI_: Air l_m _ n_gim_iequst_a_! ttml,y_timtn_'tomi_ _:ti_ dmt_icm
ml.tah_ty _lmtn_ty (IV_ im.m. _ 1._, at lm_t t_._r _:_ _mimtiom lm_ emtmcmt
f= _dlticrsl cmlx,_ damtmmsy_ms_o_tlmirl_dammqulmmnts. _md_ tem

pmzlde ma1-_:_m.elntemmmd_em_mldammce-mln_xm_. _MssmdymaZymd _h_ou_
dsm:_ of _s_ re, da_atsms'#stms _o_if theydidpm_ide impzv_d infzmm_im and

campeEisanwlth fl_e_ Air Fartsmin_ 8ridq_ma_[aml da_at_x_s. It _es shornthattilet_)rew
dam hes_ systms did pmr_ ,_ _aly _ da_a_d_ _su_ in inf_mm_n teat _ f_ _¢_-ti_ and

rill b_ _ until data tr_x_t a-r_m _ _. - _

8@i_738ISStEIi P_G_1.500_ 4 83/00/008 P_ _ _

.._ _ UtilizSE basic KNrA _ties to _ mssim _ty and r_du_ pilot _ -- Integrated
Cmmnieatim, N_atim, Idmtificatim ._nics

P_ A/(Er, Er Avknics I_v., _le/, R_)

C_. __

11-_). Ne_ Ycr_ Ins_nfm of Ele:u'Icslmd Ele:nu_IcsI_in_, 1._3, p. 9.5.1-9.5.8.

_ /*AIRI_Fr_ *AgIIRII_*It_EDBMIeeE

J.N.

_S_ _ .o_rvie,of emml_s ft_mm _nt_mmt O_mieatim l_d_tim _imtif:i_tim avimies 0DIIA) co_
slmla_m ix'cgzmis .selmdmm'Itm U'mbemf:Immstt1_Irg.frmu'mumof_._ mattes in U'm

,_=Wmmssc_ cmU'al the m_l-t_m dm_-Is_cs of _ mel-t_._._]_ .=hl_ and also
ax,z_ _ _ame:_rg _a_s betw_.ni_. _smta_l,_ E_._sim _ tnfn_n is
Ixesmt_l, hr/uthE a lisl:ofndssinnpiwsmfmrastrtkeedssi_a_laltstof(lqIst_m]s f_ in-_
_. Also __epm-f1_htd_i_ut, _tofstmlat_lfatlur_m_ gi_t o_rlde
and the hevi_ of M wice, _ g_t-fl.t_t mtnm-a_e.
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AI_ P.J.F.

_BS: Missim i_ e_mc_litT, the _ to_bichthe_C_liw of h_Ivid_ali_ is _ _o mission
essmClalltyto _b_end-i_ is_w,_. It off_s potmttal as a .-_=,t toolf_r_ servicesin

__ _ _ _m_ c_e_, _ a_ca_, a_ _ _'_. _e

the se_,-lms_opL_:eedat ttairompece_rdal_tbemt'eerf_nd_f_zmtavees; itms_ the

_h_slx_iflc tasks set flx-_ntl_e_[cle. _eAtr_e_aimtof tt_eotl_se_ in _ a

Rm:e _sm_tat_m _ l_e bern sol_, it is a_uecl tint _e _ v_ gtmt_ lx_t the Air

• • • • eo • • • • • • • oo oo • • • • • • • • oo • • • • • • 4 oo oo • • • • • • 04 • • • oo • • • • • • • • ooo • ooo • • • • • • • • o4 • ooo • • • • • • o4oo • • • • • • • • • • oo oo oo • • • • • • • • • • •

276



No._ : L5 Title: Final Stage Assembly at Launch Site

Operations Requirement:

Perform initial stage assembly at manufacturing facility near Launch Center.

Perform all stage assembly, refurbishment and T&C/O In one low-bay building at

the launch center; including horizontal installation of autonomous payload.

Rationale:

Simplifies transportation from manufacturing facilities to Launch Center.

Simplifies and minimizes assembly and T&C/O facilities. Eliminates a separate

hlgh-bay vehicle assembly building and large overhead llft-to-mate GSE.

More efficient use of personnel who can be cross-utilized for assembly and for
checkout. Proximity of manufacturing facility to Launch Center further enables
cross-utilization.

Sample Concept:

Reduce launch support facilities to three major categories:

1. Stage processing, T&C/O
2. Payload preparation
3. Launcher/pad

Technolog_rRequirement:

None.

Technolosy References:

This document
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No: Titlez

L6
L7
L9

Horizontal Processing: Horizontal Transport
Horizontal Transport of Individual Stages to Pad
Erect/Hate Stages at Pad

The following is an exercise designed to quantify the reduction in
shuttle-equivalent KSC headcount made possible by a dramatically simplified,
innovative ground processing scenario. SLSOCs L6, 7, and 9 are presented
individually vith their proposed operations requirements, rationale, sample
concept, technology requirements, and conclusions. They are directly related
and interdependent.

The exercise is concluded vlth an integrated approach to quantify the potential

headcount reduction by elimination of:

o Mobile Launcher Platforms (HLP)
o Cravler Transporters (C/T)
o VAB high-lift/rotation/stacking scenario

Headcount compensation estimated for smaller, simpler mobile transfer and stage
erection techniques is added. Autonomous flight stages and separately
autonomous payload "cargo canisters" are keystone to the entire SLSOC in
general, and this exercise in particular. Advantages of the concept are, of
course, capped and further enhanced by the "barren pad n attributes of SLSOC Item
No. LB.

See L9 "Conclusions" for quantified potential headcount reductions resulting
from theoretical application of criteria L6, L7, and L9.
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No: L6 Title: Horlzontal Processing; Horlzontal Transport

Operations Requireaent:

Provide combination of fllght vehicle design, Inter-related ground processing
requirements, and support facilities resulting in the simplest, least costly
repetitive launch cycle. Horizontal mode proposed by this study.

GROUND PROCESSING MODE COMPARISON

Rationale

VERTICAL HORIZONTAL

1_rsp_ctm
_-_ _t_tm

- gms_ _ v_Lmmmts

+ stt_ _ ddlyorinte;ml

attach _Ints f_ _t mtat_
- fltSht _iel_ "in d_e slr" d_/ng

mtatim, l_-t, &rote. pm_ulm
eff_ c_atw tedtoLs & hszmdms

cpffiatta_.

+ trdivtd_ _lmmt mtaticn

r_t _ _r to int_gmt_n
at_d

+ cmc_pt utt.l.tzm mv_ cm_
_th po_r-dom cmtmls f_r
rotattm (si_.tf_ ¢spital
equipant tn_stmmt and0 &H

+ _ _te.l_ _ in _nt_t
sdth gmrd unt_l, la_ch

L V tnU_m_Im - _ mt_demte cp_atlcns st_ _ or m_.1 mte
_ _w_r_,
m_./dma_a

- _ide sts_s_ m _ pla_cm + m11_ m _sr or dollles
- mq_Lms L V em:t_ sys_m

at_d

Cp_at_ml _k_
(m_cle)

POST OPP:

+ la_tudlral _ - _tlal
cmtlnns ._tc1_ _

+ ds:nm_ 1_Ek_tlcalm_r_
+ Ira_s_ _tla_ dficla_

l_n:tl:Rs - _ mll smmc._s v_h

-_O&H

t'e.lomttms: m_t, e./o

- t_s _]enw or equtv

_tmt_ _
. _ to_t_m _t

÷ n_ums nt_t_ _ m'_le.l_ mtivm
÷ l,,mms 0 &M
+ m m_e _ tn_mttm

rztl_ O_S) r_d_d
-__d_

279 .



L6 (Continued)
HORIZONTAL

l_v]mds

VERTICAL

pe_]mds
+ SISrm-D3) P/Us t_u SI_33
_ 80 hxlmntal

I06wrtlcal

+ h_h od_itP/Us sm critical

+ betterp_rl_d _

- cmnot hm_e w_Lml
_keds

+ a_]_is o£ ,m-DaD S_ P/L'su)-
dateshowsthehorlzmml/wrti_1

ratiocouldha_ehem 149/37f_r
ALS IrsU_ of the80/1C6

actualf=rSI_

- orbitP/L's
h_m-ati_ hrlzmtal

+ Sr_S_ G-6,"f_ rmt
s_e_, asmne no p_,h_l
art at the_."

CONCI/ISIONS: o Horizontal vehie.le processing is more efficient

O Stages must be self transporting (integral
landing gear) or utilize strap on dollies

Sample Concept:
Horizontal T&C/O processing concept requires the following full-cycle ground
operations description to demonstrate viability.

GROUND PROCESSING SEQUENCE

i. Flyback: -- booster lands at post-launch post-mission intervals at the SLF

or equal.
2. Flyback: -- Stages safed and towed on integral landing gear to

deservlce/ refurblsh/launch preparation. Facilities (OPF or equal).

3. Stages assembled/serviced and prepared for launch.
4. Autonomous payload canister/cocoon/pallet installed in orbiter in

horizontal attitude in same facility by overhead crane (OPF or equal).

5. Stages towed in horizontal attitude on integral landing gear or wheeled
dollies to launch pad and rotated to vertical about the aft wheels onto
lift-off-style aft umbilical Q/D carriers, using specially selected mobile
crane having power-down hook and boom systems, and horizontal
vehicle-restraint wire rope system. Stages attached side-by-side. Any
technician access via special mobile access manlift. Stage max. length
limited by mobile crane boom-length/load radius capability. 180-ft.
maximum stage length considered feasible state-of-art with existing KSC
equipment.

6. Launch

Technology Requirement:

1. Development of moderate-size stages with integral landing gear.
2. Radically simplified, autonomous (self-test/evaluation; self-contained

electrical power) stages.
3. Radically simplied, "barren pad".
4. Acceptance/development of mobile crane usage for flight hardware based on

highly satisfactory operational history at KSC.

Teehnolos7 References:

NASAIRECON (abstracts attached):
85A13163, 85A12988,

83A31196, 81A26524,

86X76652, 85N16967, 85N16927, 85N12001,

84X74531, 84N75063, 84A_153, 83X71371,
80X72115
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No: L7 Titles Horizontal Transport of Individual Stages to Pad

Operations Requlresent:

Eliminate LV rotation, high-lift VAB scenario, and the related extensive GSE
and GSO army. Provide simple, rapid transit of flight stages through the
ground processing cycle: from landing site (if recoverable) or stage assembly
facility (if expendable), to processing facility, to launch pad.

Rations.le:

Conventional rotation, llft, and mate in the VAB requires large mobilization

for complex, interrelated GSO, equipment, and personnel.

The operational efficiency and cost reduction potential of this concept are
strongly dependent on capability to insert the payload cocoon as late as
practical in the flow, i.e., immediately before vehicle transfer to pad. Use
of landing gear, or strap-on dollles and aircraft tug-type operation (or
rail/locomotlve configuration) ellmlnate the need for large, O&H-Intenslve
crawler-transporter (CT) anA _b41e IA-neher__p!atform (MLP), and allow rapid
transit. " .......

Sample Concept:

Perform TbC/O of all stages in horizontal attitude. Only one set and type of
access GSE is required. Complete T&C/0, roll individual stages to pad, rotate
to vertical with mobile crane and engage stage-mate clevis. Simplified vehicle

and pad are key to reduced time at pad. If access for vertical payload
insertion were made mandatory, it would cause the return of costly structures
and O&Marmy and compromise the "barren-pad" concept.

Transit via integral landing gear or strap-on dollies also alloys individual
stage transfer to the pad and individual rotation - to - vertical about the
wheels, or suitable pivot axis, using a mobile crane while maintaining ground
contact with the stage. This would provide the following benefits:

(I) Rapld/tlmely transfer of individual stages to pad.

(2) Hinimun payload ground loiter time subsequent to insertion in vehicle.

(3) Requires roadway capable of supporting stages individually, but
cravler-transporter and mobile launcher platform are not required;
gravelled cravlerway and repetitive dragging / smoothing and gravel
replacement not necessary.

(4) Erection GSE greatly simplified. At KSC mobile cranes are routinely
naintained and available. Rotation to vertical can be accomplished
without lifting flight vehicle from ground; assures full cont-rol of
vehicle while non-the-hookW, greatly improving safety of the operation.
This method would also greatly increase the operational wind envelope
normally associated with loads lifted clear of the ground.

I

(5) For a ground processing scenario limited to horizontal vehicle handling,
transit to pad can be either individual or piggyback. The concept of
individual stage transport promises a lighter booster, simpler
processing facility (eliminates major vehicle lift), and simpler
structural dynamics during transfer.

v"
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L7 - Horizontal Transport of Individual Stages to Pad (Cont.)

Technology Requirement •

Simplified launch vehicle and greatly revised design and operations philosophy
aimed at eliminating all possible GSE and ground support operations.

Proposed pad and vehicle are very much simplified from conventional concepts.
Vehicle simplification, as proposed in other items herein, eliminates
dependence on multi-level vehicle access/connectlons provided by swlngarms.

Technolos7 References:

None.

Concluslons:

See L9 nConcluslonsW for theoretical quantified headcount reduction
vith criteria L6, L7, and L9.

associated
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No.z L8 Title= Barren Pad

Operational Requirement:

Barren pad with essentially no GSE or supporting structures.

Rationale:

A major contributor to ground operations cost is the complexity of GSE and
structures at the pad which require constant maintenance and/or refurbishment
and modifications; each of which require small armies of supporting personnel
(engineers, technicians, mechanics, clerks, etc.)

The following SPC systems, responsibilities, and headcount during 51-L are

representative of "hands-on" Operations elements not required by a barren pad
concept; i.e., headcount and systems that can be deleted from future designs.

It does not include process/sustaining engineering, QA, safety, logistics, etc.

PADS 39 A & B - Pad systems, in general, are covered 24 hrs., 7 days, 3 shifts,
using an odd work week schedule. Skill mix includes certified mechanical and
electrical technicians, generally performing the following variety of 0&M
functions:

o Planned maintenance: cyclic preventive maintenance, including corrosion
control, pressure tests, proof tests, and component/system calibrations

o Unplanned maintenance: resolution of anomalies documented by PR's and DR's, .
and applicable re-test

o Modifications: implementation of ground system changes and applicable
re-test

o STS processing: mating, testing, servicing and closeout for launch as
dictated by the processing schedule

The following KSC shuttle systems and headcount are eliminated by a barren pad
configuration.

ENVIRONMENTALCONTROL SYSTEM (ECS); 51-L_gADCOM= 32

The ECS system provides air or CN2 to various compartments of the orbiter, PCR
white room, external/Inter tank area, and localized payload air conditioning.

The ECS system provides temperature, humidity, and pressure levels to these
various systeLs.

ECS system technicians routinely have to adjust temperature or flow rates per
OTC or engineering.

SWING ARMS/EI_RAULICS FOR SWING ARMS; 51-L EEAIEOtErr - 25

Maintain and service all associated systems including pneumatic systems and
lines.

Hydraulic charging unit and piping, GOX vent arm, ET vent arm, orbiter access
arm, gcs air for ET access and GOX vent arms.

2,q8 :-



L8 (cont.)

PAYLOAD CHANGEOUT ROOM (PCR) AND PAYLOAD GROUND HANDLX/_ MECHANISM (PGB]B); 51-L
I_,ADCOUNT = 26

PCR fixed platforms, extendible platforms, PCR doors, ante room, and air shower
maintenance and PCR cleaning prior to payload installation.

PGHH drive mechanism, hydraulic system, J-hook, support beam, LRU extendible
platforms, counter balance beams and associated hardware, includes crane and
hoist operation.

Processing of vertical payloads both commercial and DoD into the PCR and
installation In the orbiter and payload bay, closeout for launch.

LAIINCH COffiPL_XSITE NANAGENENT AND NATRIX SUPPORT COORDINATION;

51-L HEAI)COUNT = 28 BARREN PAD = 17 (28 less 40Z)

Direct supervision and management of ground support equipment technicians and
coordination of site support requirements to ensure readiness of the site to
support the vehicle processing schedule.

Thls function includes all non-techniclan staffing, i.e., site manager, shift
managers, systems supervisors, site support coordination, secretarial and
clerical.

PAD OPERATIONS 0UANTIFX_P,S (51-L)

o OHI S0009, Launch Pad Validation = 82 technicians

o 0HI S0024, Hypergol Propellant Servicing = 70 technicians
o PRs, DRs, TPSs, average/month = 120 per pad
o PHOHIs released into work control system/month = 80 per pad.

o Payload installation at PCR (13.0 hours design) required 174 hours.

51-L STST_S NOT BLIMINATgD BY BARlt_ PAD B_RCIS_

o Hazardous gas detection, GH2 leak/fire detection; §I-L headcount - 23
o Hypergollc systems; 51-L headcount = 42
o FRSD/fuel cells; 51-L headcount - 25
o LH2 HPS storage /transfer; 51-L headcount . 19
o L02 HPS storage/transfer; 51-L headcount . 20

ESTI"NATE OF ADDITIONAL FACILITIES O&N HEAl)COUNT F,LXNINATED BY BARREN PAD

o Low voltage electrical;
o Pneumatics;
o HVAC/ECS;
o Industrial water;
o C/T, MLP, Pad Structures;
o Cranes, doors, platforms, elevators;

Total:

59 x .25 = 15
29 x .25 = 7
42 x .25 = 10
37 x .8 - 30
51 x .06 = 3
90 x .06 - 5

7O
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1,8 (cont.)

Sample Concept:

A "barren pad" would have the following essentials:

* Simple raised concrete structure
* Deep water exhaust buffer
* Lightning/lighting tower
* Propellant farm
* Mobile crane (as required)
* Flyaway propellant connections
* Hardvire electrical ground connections
* Vireless (infrared/optical/RF) control & data connections

It would not have:

* Access structures

* Svlngarms
* Retracting umbillcals
* T-O holddown

* Firebrick flame trench and deflectors

* Deluge water system
* Sound suppression water system

* Extensive air compressor system

* Extensive helium and nitrogen storage and distribution systems
* Large pad termlnal connection room
* Ground power system and related GSE
* ECS GSE

* Vehicle system GSE
* Hardwlre connections to vehicle

* Office and shop facilities

Technology Requirement:

Development only; heavily dependent on acquisition of autonomous payload units
mated in an innovative manner, eliminating the need for a "payload city"
anywhere in the ground processing/launch facilities scenario.

Also heavily dependent on autonomous vehicle having presently unavailable
self-contained electrical power system.

Technology References:

None.

Conclusions.

A "barren pad" has the potential to decrease the "STS equivalent" pad operations
and facilities headcount by 170 people; not including QA, safety and the
support infrastructures. The Phase 3 Addendum to Phase 2 Final Report of this
study, "51-L Work Volume Indicators", dated September 30, 1988 (page 3) shows
the SPC skill mix includes 32.1X "untabulated administrative_ (QA, safety,
secretarial, analysts, clerks, security, business, human resources, etc.).
Applying that ratio to the 170 heads above provides a conservative additional
reduction of 170 x .32 - 54; for a total potential headcount reduction of 224
people.
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Noz L8.1 Title: Deep Water Exhaust Buffer

Operations Requlreaent:

Eliminate/mlnimize/simplify launch pad flame trench and deflector.

Rationale:

Contemporary launch pads are massive structures whose initial capital cost
include significant expense for fire brick, flame deflectors, water deluge
systems, water control masonry, and retention ponds. Maintenance and operation
of these systems represents a sizable workload and headcount for the facilities
organization. The thermodynamic and acoustic environment during launch is
extreme with physical deterioration a function of launch rate. Future launch
vehicles, with increased launch rates, are envisioned. Replacement of damaged
or eroded firebrick, major refurbishment at repetitive intervals, and and even
modest structural erosion of flame deflectors is costly. These should be
greatly reduced or virtually eliminated.

Sample Concept:

Construct the new pad vlth typically deep pilings and footers, although not
necessary to support weight of MLPs and towers (they aren't used in proposed
pad). Dredge very deep pond at base of flame duct (40-60 ft. deep). Utilize

gravity-fed (no pumps) natural body of water such as a lake, river, or ocean
connected by low-malntenance canal. Deep water will serve to quench
exhaust and act as flame deflector.

Technolo_rRequireaent:

Investigate water depth
engine geometry.

requirement as function of thrust level and rocket

Technolo_ References:

This document. See L8 "Conclusions"
associated with this criterion.

for potential headcount reduction
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Noz 1,8.2 Title: Flyaway Connects Only - No Retracting Umbilical
Carrier Plates

Operations Requirement:

Provide simplified vehicle umbilical disconnect systems.

Rationale:

Contemporary retracting qulck-dlsconnect umbillcal carriers are very complex,
suceptlble to launch-damage, and manpower-lntensive for test and checkout.
Post-launch refurbishment is repetitive, costly, and time consuming.

Saaple Concept:

Proposed pad has no vehicle access towers, swlngarms or retracting umbilical
carrier plates. All hard connects to the vehlcle (essentially propellant
lines) are vertical lift-off type vlth simple, gravity operated protective
covers for QVs and the carrier plate.

TechnololyRequirement:

None.

Technolo_ References:

This document. See /.8 "Conclusions"
associated vlth this criterion.

for potential headcount reduction
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Noz L8.3 Tltl_.___Se_No Svlngarms

Operations Requtreaent:

Eliminate all svingarms with the related ground support operations, equipment,
and structures to dramatically reduce repetitive costs. Eliminate repetitive
tests and checkout at pad and post launch refurbishment.

Rationale:

Contemporary svingarms are expensive, complex, O&M intensive, and launch
critical systems.

Sample Concept:

Proposed pad and vehicle are very much simplified compared to conventional
concepts. Vehicle simplification, as proposed in other items herein,
eliminates dependence on multi-level vehicle access/connections provided by
swingarms. Payload canister inserted during T&C/O prior to transfer to pad.
Passenger canister access (if any) via special mobile manltft.

Technology Requirelent:

Concept dependent on development of simplified vehicle by related technology
developments proposed in other items herein.

Technology References:

This document. See L8 "Conclusions"
associated with this criterion.

for potential headcount reduction
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No: L8.4 Title: No Vehlcle or Payload Access Structure

Operations Requirement:

No vehicle or payload access structure.

Minimize vehicle resident time at pad. Rollout, erect, fuel, verify
satisfactory self-test, launch.

Limited LRU changeout capability at pad (boattail).

Rattona/e:

Current STS requires two weeks or more at the pad for extensive interface
systems test and checkout, payload access for 0&M, vertical P/L insertion,

closeout and all-systems verifications. Thls time period and tedious process
is not acceptable for reduced cost and high launch rate.

Sample Concept:

Mandatory access for vertical payload insertion would return the likelihood of

costly structures and 0&M army compromising the "barren-pad" concept of
criteria item L8.

Technolo_r Requirement:

Mobile crane capability at KSC is historically and operationally well
established, possesses excellent safety record, is hlghly rellable, and
flexlble, and falsely underrated for operational use. Vehlcle, payload, and
passenger support using some form of mobile crane-adapted system should be
considered to retain "barren-pad" concept.

Teehnolo_References:

This document. See L8 "Conclusions"
associated vith this criterion.

for potential headcount reduction
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Noz L8.5 Titles Simpllfled Holddovn/release

Operations Requirement:

Greatly simplify vehicle holddown systems at pad.

Rationale:

Holddovn system of some kind is presently considered mandatory to restrain
vehicle in high winds and to stabilize motion during engine start. Existing
mechanism incorporates hazardous systems, is costly, time-consuming, and not
mandatory for a HPS designed to verify Pc OK characteristics during a "slow
rolling" start.

Sample Concept:

Eliminate explosive aspect of bolts, and ultra-high bolt torquelng. Nitinol
mechanisms hold promise of holddown/release systems having no pyrotechnics or

moving-linkage mechanisms.

Technology Requirement:

Innovative holddown and release mechanism using Nltinol technology/mechanism

development or equal.

Critically reevaluate contemporary, stringent holddovn and release criteria.

Technolor/ References:

This document. See L8 "Conclusions"
associated with this criterion.

for potential headcount reduction
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No: L8.6 Title: No Deluge or Sound Suppression Water

Operations Requirement:

Eliminate very extensive facilities, personnel, test and checkout
and costly O&N of pad water systems.

procedures,

Rationale:

Gross simplification of launch pad facilities and operations is essential
reduce repetltve cost-to-orblt by factor of 10.

tO

SaIple Concept:

Proposed pad has no towers or access structures other than llghtnlng-arrest

and llght tower(s).

Firex/deluge water necessary to protect svlng arm hydraulics, prope!!_-_;

pneumatics, electrical cabinets and toverlMLP deck are all eliminated by the
"barren pad" concept.

Sound suppression water of the STS system is necessary to protect the launch
vehicle from the low frequency, high energy acoustics generated by the SRBs.

Technology Requirement:

None.

Technolo_ References:

This document. See L8 "Conclusions"
associated vith this criterion.

for potential headcount reduction
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No: 1,8.? Title: No Pad ECS

Operations Requirement:

Delete extensive costly equipment and personnel providing internal pad
structures GN2 purge and pre-launch pressurization. Delete similar systems

providing vehicle ECS.

Rationa/e"

A sizable "torn" of facilities, systems, GSE, and personnel inhabit

contemporary launch pads. These are costly in O&M personnel and
test/checkout/pre-launch validation time, and are not necessary in the proposed

"barren pad".

Saaple Concept:

No vehicle on-board york is done at the pad other than erection, propellant
loading and communications/ controls connect/ positioning. Therefore, no
ground-provided vehicle £C$ is required. Payload canister is autonomous
(manned or unmanned).

Proposed pad blast area does not include offices, shops, restrooms, or
routinely occupied areas; only propellant lines, communicatlons/controls and
hold-downlumbilical access tunnels and lightning/light tower(s).

Technology Requirement:

None.

Technolo_ References:

This document. See L8 "Conclusions"
associated vith this criterion.

for potential headcount reduction
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No: L9 Tttle: Erect/Hate Stages at Pad

Operations Requirement:

Eliminate complex rotation, mate, and associated GSE and bridge cranes in VAB
vehlcle-matlng scenario. Also, eliminate need to transport very large,
delicate, awkward assembly to launch pad.

Rationale:

Hating remotely from launch center requires army of men and GSE for complex
llfting/rotatlon harness, bridge cranes, MLP, C/T, platform retraction and the
very expensive, labor intensive O&M "tree" necessary to support all this
equipment.

Sample Concept:

"Barren Pad" equipped with very simple aft thrust/butt stands on side of flame
trench wall. Individual stages rolled relatively quickly to pad on integral
landlng gear (reusable vehlcles), rubber-tlred do11Ies, or tall cars.
Individual stages rotated to vertical using large moblle crane vlth additional
winch for vehicle horizontal restraint line. Vehicle "nesting" concept greatly
simplifies pad configuration.

One of the prime llmltatlons of mobile crane support is the payload "svlnglng
pendulum" effect which can produce disastrous boom side loads . This same
effect is also a serious operational hazard wlth bridge cranes, e.g., KSC/VAB
wherein any initial horizontal translation (acceleratlon) produces an
"overswing" or loss of precislon load control. Mobile cranes have been

successfully used in place of the NDD to llft orbiters for mateldemate with the

SCA on three occasions. Inability to restrain the load pendulum resulted in

severe wlnd-speed limitations during those operations. Rotation about landing
gear, single rear-axle dolly, or aft trunion, can retain vehicle ground contact
at all times and eliminate the pendulum hazard normally associated vlth both
bridge and mobile cranes.

Any large industrial facillty (such as a major launch center) routinely
requires large mobile crane support for a multitude of loglstlcs and O&M tasks.
Using such a system (carefully selected for capabillty) for vehicle erection at
the launch center is llke acquiring an erection system virtually for "free".

Further simplification can result from booster/orblter auto-mate of clevls-type
fittings secured by weight and acceleration forces in place of exploslve bolts.
Separation can be automatic upon booster shutdown and can be safely controlled
by fixed aerodynamic surfaces.

Technolo_ Requirement:

Development only. Note however, this ultra-simple technique requires
parallel-mated stages that automatically engage with inter-stage attachment
fixtures at termination of the erection sequence, eliminating elevated access
structures at the pad.

Technology References.

This document. See following L6, L7, L9 Summary "Conclusions" for potential
headcount reduction associated with this criterion.
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1.6, 1.7, 1.9- Summry

SHUTTLE EQUIVALENT HEADCOUNT REDUCTION

MOBILE LAUNCHER PLATFORMS (OPERATIONS ORGANIZATION - SPC)

The follovlng describes scope of MLP systems subjected to the usual range of O&M

for planned/unplanned/preventlve maintenance. Headcount as noted is a potential
reduction for simplified transfer and erection.

Skill mix includes certified mechanical and electrical technicians, performing

maintenance, support calibrations, modifications, validations, and equipment
operation in support of preparing the MLP to support the STS launch schedule.
Technician distribution to the 3 MLPs for upcoming launch, follow-on launch, and
refurb from latest launch averages 50Z, 30Z, 20Z respectively.

TAIL SERVICE MASTS; 51-L HEADCOUNT = 21; SIMPLIFIED TRANSFER AND
ERECTION = II (21 LESS 50Z): DELETE I0

Maintenance and operation of the L02 and LH2 TSM systems (including all
pneumatic panels that support the T-O interface), the bonnet and drop weight
system and the T-O carriers.

The average number of PMOMI's is 9/month and the average number of PR's, DR's,

and TPS's is 201month per mobile launcher.

Equivalent systems viii be pad-mounted (2 sets) rather than MLP (3 sets). There

will "be no complex bonnets or drop weights and T-O carriers will be non-movlng,
rlse-off type with infrared data/control/comm circuits and gravity-powered
propellant 0/D and carrier blast covers.

DC POb'ER; 51-L HRADCOIJITr,. 17

Maintain, operate, troubleshoot and repair all DC power supplies and "back-up"
battery systems in support of all GSE and orbiter power.

The average number of PMOMI's is ll/month and the average number of PR's, DR's,
and TPS's is 15/month.

Elimination of MLP DC power is dependent on development of presently unavailable

"high density energy cells" enabling enhanced vehicle autonomy.

CROUND HYDRAULICS; 51-L HEAl)COUNT - 6

Operation and maintenance of the orbiter/SRB ground hydraulic system in support
of vehicle testing and checkout during prelaunch activities.

The average number of PMOMI's is 5/month and the average number of PR's, DR's,
and TP's is ll/month.

Elimination of O&M-intense flight hydraulics enables deletion of MLP/padlground
hydraulic systems.

ORIXqANCE! 51-L HEADCOUL'T - 3

Installation and removal of ordnance on the T-O demate devices and the hydrogen
preburn igniters.

Perform maintenance and checkout of all GSE pyrotechnic initiator systems (PIC).

The average number of PMOMI's is 3/month and the average number of PR's, DR's,
and TPS's is 5/month.
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I_, LT, L9 - Summ_ (cont.)

P

Headcount deletion dependent on elimination of conventional T-O holddovn
ordnance and innovative MPS start cycle.

_qVIROI_rI'ALC01_rROL ST_ (ECS)/PORTABI_ PLU_"E UNIT (PPU); 51-LHEADCO_'T = 4

Maintenance, operation and troubleshooting of the ECS system in support of
vehicle operations in the VAB, during transportation of the STS to the launch

pad and through STS testing and launch.

The average number of PMOMI's is 9/month and the average number of PR's, DR's,
and TPS's is 11/month.

Elimination of ground-provided ECS and purge is dependent on innovative vehicle
and payload autonomy.

HAZARDOUS CAS DETECTION SYSTEM (HCDS)/CH2 FIRE DEI'_CTION/LEAKDE'rECTION SYSTEMS;
51-L HEADCOUNT = 12

Operation and maintenance of the HGDS, which requires knowledge of electronics,
pneumatic and mechanical systems.

System is operational from validation of the orbiter/launch pad throughout
testing, launch and post launch activities.

The average number of PMOMI's is 13/month and the average number of PR's, DR's,
and TPS's is 13/month.

Pad located equivalent systems included in necessary headcount elsewhere (L8).

MANAGEMENT; 51-L HEADCOUNT = 13; SIMPLIFIED TRANSFER AND ERECTION = 4 (1 sgr.
and 3 shift supervisors for simple mobile dollies/stage transporters):
DELETE 9

Supervise/manage MLP technicians including training, certification, safety and
administration in support of launch vehicle processing flow schedules.

This function includes the managers and supervisors required to direct

operations on three (3) MLP's.

SUPPORT OPERATIONS ORGANIZATION - SPC

The following is an estimation of SPC-equivalent Support Operations headcount
reduction enabled by replacing CTs and MLPs with simpler dolly-style mobile

transporters and prime movers of a concept similar to Saturn-Apollo S-1C, S-II,
etc. (liquid propellant expendable vehicles assumed). This is in addition to
the MLP operations functions presented above.

C/T, MLP, PAD STRUCTURES; 51-L _DCOUNT = 51: DELETE 34

51-L headcount breakdown: pad structures -3 (addressed in LS); remnant divided
24-24 between C/T and MLP support. C/T support is replaced by rubber-tired

prime mover and addressed in Heavy Equipment below. MLP support (2 ca. circa
51-L) is reduced by simplicity of mobile transporters. A quantity of 6 ca. is
envisioned; 4 ca./booster stages (2 cycles) and 2 ca/core stages (2 cycles).
Transporter support headcount estimated at 14 (2 shift supervisors and 12
technicians).
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L6, L7, 1,9 -Susmary (con t. )

HEAVY EQUIPMENT: ADD 19

Additional heacount is necessary for:
o Prime mover O&M (2 ea.); headcount required:

- 3 drivers, 8 observer/techs (2 shift normal coverage)
o Mobile crane stage rotation operations

- 2 crane operators, 4 hook tenders, 2 mech. techs.

CRANES/DOORS/PLATFORNS/gLEVATORS; 51-L HRAIK_UNT - 90: DELETE 44

C/D/P/E SPC EQUIPMENT; 51-L

o Cranes and hoists

o Mate-demate devices at KSC and DFRF
o Power doors

o VAB and RPSF york platforms

o OPF orbiter floor llfts

o Elevators

115 devices from i to 250-ton

capacity

55 rollup
24 vertical llft
12 horizontal

462 platforms total

236 power operated wlth
remainder manual

3 per OPF bay
38 elevators from 3-floor

office elevators to VAB and

pad high rise elevators

VAB-type bridge cranes for stage rotatlon/hlgh lift/mate operations not required
for horizontal processing. Extensive VAB vertical doors, high bay platforms,

and high bay elevators also not required.

Similar cranes�doors�platforms�elevators support for a simplified, horizontally
processed liquid propellant vehicle will exist at a stage final assembly/test
and checkout facility near the launch site. Support might be incorporated in a
combination manufacturing and checkout facility, but for the purposes of this
study comparison, is charged to ground processing.

It is presumed that a horizontal test and checkout facility capable of handling
two boosters, one core, and cargo loading, would require less than half the
quantity of systems noted above. The following headcount results:

Cranes/doors/platforms headcount = 79 x .5 - 40
Elevators headcount = 11 x .5 . 6

ESTIMATE OF ADDITIONAL FACILITIES O&MHEADCOtZbrrREDUCTION ENABLED BY C/T AND MLP
ELIMINATION

o Low voltage electrical
o Pneumatics
o HVACIECS

o Industrial water

o Mechanical shops (fab, mod, refurb)
- Mechanical
- Electrlcal/electronlc

- Chemical sample/analysls
Total:

59 x .05 . 3
29 x .07 = 2

49 x .08 - 4
37 x .08 = 3

81 x .07 = 6
29 x .07 = 2

17 x .0 . 0
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1,6, LT, L9 - Summary (cont.)

Conclusions:

Replacing C/Ts and MLPs vlth mobile dollies and prime movers in a horizontal
processing and transfer scenario holds the potential to decrease "STS
equivalent" operations and facilities headcount by 79 peoplel not including QA,
safety and the support infrastructure.

The Phase 3 Addendum to Phase 2 Final Report, "51-L Work Volume Indicators",
dated Sept. 30, 1988, (page 3) shovs the SPC skill mix includes 32.1Z
"untabulated adRinlstratlve n (QA, safety, secretarial, analysts, clerks,
security, business, human resources, etc.). Applying that ratio to the 79 heads
above provides a conservative additional reduction of 79 x .32 - 25; for a
total potentlal headcount reduction of 104 people.

alp
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go_ LIO Tltlez Payloadsz Standard Autonomous Cargo Container

Operations Requirement:

Provide only simple mechanical interface between launch vehicle and payload.

Ration_e:

Orbiter payload bay modifications and payload flight support equipment software
modifications are among the most time consuming ground support operations.

Sample Concept:

Develop a payload bay module consisting of orbiter-unlversal strongback and
environmental cover (as needed) that has internal capability to support payload
electrlcal, environmental, and communications requirements from loading until

orbital placement. This philosophy is also applicable to man-carrylng orbital

delivery module vlth llfe support systems. Concept is dependent upon forcing
payload designers to accommodate the launch vehlcle rather than vlce-versa.

Concept is equally essential to future expendable vehicle configurations. The
next generation launch vehicle must become no more than a delivery truck, rather
than an environmental Mother Goose.

Technology Requirement: p

Longer-life, more reliable (high density) fuel cells or other electrical power
source to support payload module. (See El).

Technology References:

NASA/RECON_ 86A14382, 84AI1721, 78A51985, 76N27347

See also El.
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STS-26RFLUIDSCOMSUMPTIONANDCOSTDATA

1.2

INTRODUCTION

GENERAL

This report has been prepared as a supplement to the ALS Phase 2

contractor work shops to be conducted by the SGOE/T Study teem. It is
intended to assist designers of future launch vehicle systems with
quantified data as a baseline for fluids consumption and cost relative
to handling and botloff losses and significant waste product generation.
The data are extracted from the propellants/presurrants support report
provided by EG&G Technical Operations, EGG-630, during checkout and
launch of the STS-26R vehicle. Thls launch was the first

return-to-fllght mission occurring since the loss of mission 51-L.

SCOPE

This data summarizes support provided for STS-26R from arrival at LC-39B
thru FRF, VCDDT and launch, and encompasses the following categories:

o Propellants/PressurantsSupport
o Cargo Support
o Hazardous Waste Support

Data for llfe support services and KSC landing support are not included
herein.

1.3

1.4

VEHICLE PROCESSING

Vehicle processing was initiated with rollout to LC-39B on July 4, 1988
and included two FRF attempts and two WCDDT's. Launch occurred on the

initial attempt at 1137 hours, Thursday, September 29, 1988 after a

1-hour and 38-mlnute delay In the countdown due to upper atmosphere
low-wind conditions.

CHRONOLOGY

The following chronology presents the major test events requiring
support during the processing of STS-26R.

r

o S0024

o V2303

o SO014

PRELAUNCH PROPELLANT LOAD - 7/10/88 - 7/13188

FCSS/PRSD DEWAR SERVICING - 7118/88

FRF - 7124/88 - 8111/88

7/24/88 - Call to stations at 2330 hours

_CDDT - 7/28/88 - 8/01/88

7/28/88 - Scrubbed due to LH2 QD and
L02 A pump problems

7/31/88 - Second attempt initiated with
successful completion
at 0700 hours, 8/01/88
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1.4 (Continued)

8/04/88 - Initial FRF attempt scrubbed due to
faulty engine valve.

8/10/88 - Successful FRF at 0730 hours

8/11/88 - Completed pad/vehicle saflng

o S0024 PRELAUNCH PROPELLANT LOAD - 8/24/88 - 8/25/88

o V2303 FCSS/PRSD DEWAR SERVICING - 9/18/88

o S0007 LCD - 9/26/88 - 9/29/88

9/26/88 - Call to Stations at 0800 hours

9/29/88 - Launch*

* Included an unscheduled 1-hour, 38-mlnute hold.

2.0

2.1

2.1.1

2.1.2

PROPELLANTS/PRESSURANTS SUPPORT

(PROPEL  r)

General. Total propellant LH2 consumption for processing and launch of

STS-26R was 805,000 gallons. For reference, volume of the shuttle
external LH2 tank is 415,585 gallons.

Test Support. The following quanti.tles of LH2 were consumed for each
major test event. NOTE: Data for the two _CDDT's are combined.

EVENT GALLONS

Combined VCDDT's

FRF (first attempt)

FRF (second attempt)

LCD/Launch

TOTAL Propellant LH2

Consumption

100,000

105,000

100,000

500 r000

805,000

o Post-Launch Inventory, LC-39B - 310,000 gallons
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2.1.3 Departures/Deviatlons from Planned Support. The following deviations
from planned propellant LH2 support were incurred during STS-26R
pre-launch processing.

During WCDDT attempts (7/28/88 through 8/1188), the A126 and A127 L02

pumps would not start ('0100, 7129/88) causing a 72-hour
scrub/turnaround. Refill was resumed at 2145 hours, 7/31/88 and the
second WCDDT was completed at 0713 hours, 8/1/88. An LH2 QD leak at
the ET umbillcal was experienced during the second NCDDT.

o During FRF, on 8/4/88, an automatic abort due to software anomalies

occurred at T-5 (0730 hours) resulting in an LH2/L02 A dralnback.

O The launch consumption was 26,000 gallons above the expected

consumption of 474,000 gallons. NOTE: The readability of the sphere
liquid level gage is only precise to +/- 9,000 gallons.

2.2.2

LE2 _FUEL CELL)

General. Total LH2 provided for FCSSIPRSD dewar servicing for
was 5,600 gallons. For reference, the EPS includes three LH2
containing a total of 276 lb. LH2 (466 gallons).

STS-26R
dewars

Test Support. Two FCSS/PRSD dewar servicing operations were performed
in support of STS-26R as follows.

EVENT GALLONS

COMBINED WCDDT's 2,900

LCD/Launch 2,700

Total Fuel Cell

LH2 Provided 5,600

2.3.2

No deviations from planned support were incurred.

GH2

General. A total of 92,248 scf of GH2 were consumed during processing
and launch of STS-26R.

Test Support. The follovlng data provides battery pressure readings
before and after the events listed and the total GH2 usage. NOTE: Data
are not available to provide a breakout of WCDDT usage from total FRF
usage.

EVENT

GH2 BATTERY PRESSURE

INITIAL FINAL USAGE

(PSIG) (PSIG) (SCF)

VCDDT' s --[
I

LCD/Launc-51

4200 2800 73,603

4OO0

TOTAL GH2 Battery Usage 3700 ._
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2.3.3

2.4.2

Departures/Deviatlons fromPlanned Support. Sampling of the GH2 battery
after prelaunch servicing on 9/09/88 indicated contamination of 56- to
80-ppm helium requiring battery blovdovn and burnoff to 200 psig. A

second servicing was performed on 9/18/88 and the battery sampled within
speclflcatlon/ready for launch.

L02 A (PROPELLANT-GRADE)

General. Total propellant L02 A eonsumptlon for processing and

of STS-26R was 740,000 gallons.

launch

Test Support. The follovlng quantities of L02 A were consumed for each
major test event. NOTE: Data for the two WCDDT's are combined. For
reference, volume of the shuttle external L02 tank is 145,800 gallons.

EVENT GALLONS

Combined VCDDT's

FRF (first attempt)

FRF (second attempt)

LCDILaunch

Total L02 A Consumption

210,000

130,000

138,000

262r000

740,000

2.4.3

2.5.2

o Post-Launch Inventory, LC-39B ffi262,000 gallons

Departures/Deviatlons from Planned Support.
from planned propellant L02 A support were

pre-launch processing.

The following deviations
incurred during STS-26R

o During WCDDT attempts (7/28/88 through 8/1/88), the A126 and A127 L02

pumps would not start ('0100, 7129/88) causing a 72-hour
scrub/turnaround. Refill was resumed at 2145 hours, 7/31/88 and the

second _CDDT was completed at 0713 hours, 8/1/88. An LH2 QD leak at
the ET umbilical was experienced during the second WCDDT.

o During FRF, on 8/4/88, an automatic abort due to software anomalies
occurred at T-5 (0730 hours) resulting in an LH2/L02 A dralnback.

The launch consumption was 34,000 gallons above the expected
consumption of 228,000 gallons. NOTE: The readability of the sphere
liquid level gage is only precise to +/- 9,000 gallons.

L02 F (FUEL CELL_ HIGH PURITY)

General. Total LO2F provided for FCSS/PRSD dewar servicing for STS-26R
was 1,859 gallons. For reference, the EPS includes three L02 devars

containing a total of 2,343 lb. L02 (246 gallons). 168 lb. of the LO2
are for ECLSS.

Test Support. Two FCSSIPRSD dewar servicing operations were
in support of STS-26R as follows.

performed
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EVENT GALLONS

COHBINED WCDDT's 937

LCD/Launch 922

Total Fuel Cell

LH2 Provided 1,859

2.6.2

No deviations from planned support were incurred.

GO2 F _FUELCELL_ BIGH PURITY)

General. A total of 43,979 scf of GO2 F were consumed during processing
and launch of STS-26R.

Test Support. The following data provides battery pressure readings
before and after the events listed and the total GO2 F usage.

GO2 F BATTERY PRESSURE
INITIAL FINAL USAGE

EVENT (PSIG) (PSIG) (SCF)

VCDDT's 4,900 4,100 17,554

FRF 5,600 4,800 19,701

LCD/Launch 4,800 4,480 6,724

TOTAL GO2 F Battery Usage 43,979

No deviations from planned support were incurred.

2.7.2

GN2
u

General. The C-39 GN2 system supported processing and launch of
STS-26R, including two FRF attempts and two VCDDT's. Nominal daily uses
for other C-39 facilities are subtracted from the C-39 Meter Station GN2

totaltzer readings which provide the following reported usages.

Test Support. The GN2 flow rates for the following tests were obtained
from continuous flow charts and readings taken at regular intervals at
the C,39 Meter Station.

o V1040 Orbiter PRSD Load

The two Orbiter PRSD loads were accomplished essentially as planned
with nominal average flow rates of 7,000 scfm.
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o SOO14 FRF

GN2 flows for the two VCDDT's and the two FRF attempts were
essentially as planned with peak flow rates of 16,000 scfm
experienced. Total GN2 usage for each WCDDT and FRF attempt was

slightly higher than planned due to extended purge requirements after
dralnback.

o SOOO7 LCD

GN2 flows for LCD were essentlally as planned. Total usage for each

STS-26R major event were as follows:

USAGE

"DURATION NOMINAL ACTUAL

EVENT (DAYS) (SCF) (SCF)

WCDDT (1st Attempt) 4

WCDDT (2nd Attempt) 3

FRF (Ist Attempt) 4

FRF (Successful) 3

LCD 3

17,000,000

17,000,000

18,000,000

17,000,000

12,000,000

17,500,000

19,000,000

19,000,000

19,000,000

12,000,000

2.8.2

No significant deviations from planned support were incurred.

GHe

General. The mode of GHe support for STS-26R during processing and

launch, including two FRF attempts and two _CDDT's, was essentially as
planned.

" It should be noted that there are no flow recorders for
in the following consumption data, battery pressure decay

and Joy compressor runtimes were recorded at regular intervals from
which consumption data were calculated. Nominal daily usage for other
C-39 facilities were subtracted from calculated totals yielding the
follovlng usage.

o S0014 FRF

Total GHe usage for each WCDDT/FRF attempt was somewhat higher than

expected due to extended purging at the end of each test. Bureau of
Mines compressed gas trailers were shipped to KSC to augment rallcar

support during S0014 due to the higher usage and two additional
vehicle tanklngs required.

o SO007 LCD

Total Gee usage for LCD was nominal for the 3-day period (1-hour,
37-minute unscheduled holdttme was considered in calculating the
usage).
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Total GHe usage for each event is presented in the following matrix:

USAGE
DURATION NOMINAL ACTUAL

EVENT (DAYS) (SCF) (SCF)

VCDDT (ist Attempt) 4

gCDDT (2nd Attempt) 3

FRY (Ist Attempt) 4

FRF (Successful) 3

LCD 3

1,500,000 1,800,000

1,300,000 1,900,000

1,500,000 2,000,000

1,300,000 1,900,000

900,000 900,000

HYPERGOLS

General. Hypergols required for launch of STS-26R were MMH, N204 MON-3

and N2H4. The LC-39B MMH and N204 RSV's did not require replenishment
prior to LCD; however, a total of 256 gallons of N2H4 was provided.
the following hypergol system volumes are included for reference:

N204 MMH

lb. gallons lb. gallons

OMS Basic Kit,
1000 fps
(2 pods total)

14,866 1,244 9,010 1,236

RCS Aft

(2 pods total)
Forvard

2,976 249 1,860 255

1,488 125 930 128

1,618 1,619TOTAL
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2.9.2 Test Support. The APU/HPU servicing carts were filled in support of
STS-26R as follows:

J REOUIREMENT DATE GALLONS I
I I
I APU Cart Loading 6/15/88 216 J
I I
[ HPU Cart Loading 7/07/88 40 I

Hypergol launch consumption and post-launch inventory levels are
presented in the following. NOTE: All quantities are expressed in
gallons.

LC-39B ONBOARD
ffYPERGOL PRE-S0024 LOAD

MMH 7,500 1,060

N204 MON-3 3,160 1,060

N2H4 - 120

POST LAUNCH INVENTORY

FUEL

STORAGE
LC-39B AREA 1 LC-39A

6,400* -0- 5,660

2,100"* 2,375 6,500

- 1,320 -

* Not verified
** Calculated based on tank level

Departures/Devlatlons from Flanned Support. No deviations from planned
support were incurred; however, during the performance of S0024 it was
determined that the LC-39B liquid level gages were not calibrated

correctly and previous RSV level readings were inaccurate; therefore,
the N204 RSV level was "marginal" for Hyperload. The amount of N204

required in the system piping and the RSV is being recalculated by LSOC
personnel to establish a new minimum quantity (if necessary); the
present minimum is 3,000 gallons.

2.10 TOXIC VAPOR SCRUBBER SOLUTIONS

2.10.I General. Citric acid and NaOH-25 are used as scrubber solutions for the

fuel and oxidizers scrubbers (respectively).

2.10.2 _. Scrubber changeouts are performed on an "as requested"
basis. The following quantities were provided in support of STS-26R.

o Citric Acid (Fuel Scrubbers)

ARF - 2,250 pounds
HMF - 255 pounds
C-39B - 950 pounds

o NaOH-25

LC-39B - 660 gallons
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2.11

2.12

2.13

3.0

R-21

There were 533 pounds of R-21 consumed In support of STS-26R. Current

inventory levels are 17,000 pounds contained in 1,000-pound cylinders
and 1,650 pounds In 150-pound cyllnders. No deviations to planned
support were Incurred.

DEIONIZED WATER

PDU'S were maintained in "ready" condition for support of STS-26R.
Units i, 2 and 3 were utilized in the OPF and Unlt 4 was assigned to the
0&C. Unlt 5 was maintained on "backup" status for emergency use if
required. No deviations to planned support were incurred.

NB3

There were approximately 100 pounds of NH3 consumed
STS-26R. Current inventory level is 650 pounds. No
planned support were incurred.

In support of
deviations to

CARGO SUPPORT

The following propellants/pressurants were provided in support of the
TDRS payload deployed from STS-26R.

o N2H4 ........................ 1,590 pounds (4 drums)

O BAIr ......................... 876 scf (4 K-bottles)

52,218 scf (1 compressed
gas trailer)

o GN2 ........................... 440 scf (2 K-bottles)
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4.0 HAZARDOUS WASTE SUPPORT

The following matrix presents only significant quantities of hazardous
waste generated during processing and launch of STS-26R, including FRF
and WCDDT support. Wastes volumes generated were not significantly
greater than expected. The list of potential contaminants exceeds 50
line items.

LOCATION/ GENERATING

FACILITY PROCESS

WASTE

COMPOSITION/TYPE
biTE PROCESS CODE

DISPOSAL
SITE/PROCESS

0UANTITIES*
FORECAST ACTUAL

ARF SREI

(L6-248) TPS

Application

Solids
KUB-NHS-L6248

Solvents

Complex 13/
Offsite

K7-165/
Offsite

50 82

N/P 17

Fuel Storage Dump and
Area i Flush of

(Facility Oxidizer-
80500) Contaminated

Components

Corrosive

Liquid
KGG-HOD-80520

Tanker/
Offsite

500** i00.*

C-39B Oxidizer Farm NaOH-25

(RSV) Scrubber KLB-B0C-J7490

Changeout

FSS Oxidizer
Scrubber

Changeout

NaOH-25
KLH-H0C-J7337

Fuel Farm Spent Citric
(RSV) Scrubber Acid

Changeout KI_-NFF-J7534

FSS Fuel Spent Citric
Scrubber Acid

Changeout KLH-NFF-J7337

Tanker/
Offsite

Tanker/
Offsite

HPI

HI'I

i000.*

I000.*

300**

300**

800**

200**

800**

200**

Fuel Farm Water with BPIl

Sunp Slight Amount of Offsite
MMH
KLB-HFB-J7534

I00"* 75.*

NOTE: * All quantities are in drums unless indicated as ** (gallons)
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5.0 FLUIDS COST DATA

The followlng KSC cost data vere effectlve May, 1988.

_j

LN2 $ 90.001ton
L02A 55.001ton

LO2F 264.001ton
GN2 4.001MSCF

GHE 64.001MSCF
N204 2.7511b.
N2H4 10.0011b.

MMH 10.0011b.
H202 (90 X) 3.20/ib.
LHE 3.65/Li (D) $2.75 (bulk)

RP-1 3.O01gal

JP-5 1.421gai
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